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PART I 

In order to assess the influence of a 8-substituent 
on the rate of decomposition of a series of dialkyl per- 
esters, a number of tert-butyl] 3-substituted, 2,2-dimeth— 
ylperpropionates were decomposed thermally. The rates 
were measured by monitoring the disappearance, in the in- 
frared, of the carbonyl stretching bands of the peresters. 

On the basis of the small variation in the magnitudes 
of the rate constants and activation parameters observed, 
it was concluded that anchimerically assisted acceleration 
of the rate of decomposition by a 8-chloro, bromo, iodo or 
phenylthio substituent does not occur. The rate constants, 
activation parameters, and the near quantitative amounts 
of carbon dioxide observed, have established that all the 
peresters decompose by a one-step, concerted loss of car- 
bon dioxide. The small variations in the rate constants 
are rationalized on the basis of inductive and steric 
effects. The products observed from the decomposition of 
tert-butyl-2,2-dimethyl-3-phenylthioperpropionate are 
rationalized on the basis of the concerted two-bond 
scission mechanism. 
PART II 

The reaction of thionyl chloride with various di- 
benzobicyclo[2.2.2] and [3.2.1] octadienyl alcohols, in 
several solvents was studied to shed some light upon the 


mechanism and stereochemical course of the reaction of 
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alcohols with thionyl chloride. 

An intermediate dialkyl sulfite was isolated from 
the reaction of dibenzobicyclo[2.2.2]octadien-2-o0l. No 
intermediate alkyl chlorosulfite or dialkyl sulfite 
could be isolated from the [3.2.1] alcohols. 

Near quantitative yields of chloride product were 
observed. Three chlorides were formed in the reaction: 
7-chlorodibenzobicyclo[2.2.2]octadiene, exo- 4-chloro- 
dibenzobicyclo[3.2.l]octadiene and endo-4-chlorodibenzo- 
bicyclo[3.2.l]octadiene. The products obtained are con- 
sistent with an ionic mechanism in which an initially 
formed benzylic [3.2.1] cation produced from both systems, 
[Zatee RAN eee yt eads  LOra Mixture OL exo— and 
endo—[372-)li=chlorides? These are the major products 
observed under all reaction conditions except when the 
reaction was carried out in toluene. It has been pro- 
posed that under these reaction conditions an hydrogen 
chloride catalyzed rearrangement of the [3.2.1] chlor- 
ides to the (2.2.2) chloride can occur. 

Thesresulte OL the reaction OL cis—-3-deuter1odi— 
benzobicyclo[2.2.2]octadien-2-0l with thionyl chloride 
demonstrated the stereospecificity of the [3.2.1] to 


[2.2.2] rearrangement. 
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PART I TaN iT dhs0 DiC. isl 


A large number of investigations dealing with the 
mechanism of the decomposition of tert-butyl peresters 
have been concerned with the relationship penveen the 
structure of the peroxide and its mode of decomposition 
(1-27). Bartlett and Hiatt (5) postulated that the ther- 
mal decomposition of a simple perester can occur by at 
least two distinct pathways, one-bond scission (path A), 
and a concerted two-bond scission (path B), as illustrated 


in Scheme l. 


Titmnned 


re) 
| \| 
R-C-O...0-C(CH,) , | —» R-C-0° 
Path A 
| + *0-C(CH3), 
R-C-0-0-C (CH) 4 
bac O t 
Path B i 
Rai¢Ca0s0ne,0-(CH,)),| > Re + CO, 
+ "O-C(CH3) 5 
SCHEME 1 


On the basis of their results Bartlett and coworkers (5), 
have proposed a criterion to allow a distinction to be 
made between the modes of decomposition of a perester: 

the decomposition of a perester in a stepwise fashion 
(path A), or a concerted fashion (path B). They suggested 
that when the alkyl radical, R, is of equal or greater 


stability than is tert-butyl, there is a simultaneous 
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cleavage of the alkyl to carbonyl carbon bond (b) and per- 
oxide oxygen-oxygen bond (c), producing carbon dioxide and 
the alkyl radical in the rate determining step. However, 
when R> is not vas Stable as the tert-butyl radical (eqy 
methyl or phenyl) vonly bond c cleaves yin the rate deter- 
mining step to give alkyl carbonyl-oxy and tert-butoxy 
radicals. Bartlett and Hiatt (5) developed a relationship 
between the mode of decomposition and the enthalpy and 
entropy of activation, aut and ast, obtained from the de- 
composition of the peresters stated. As the concerted 
nature of the decomposition increases, (an increase in 

the stability of the radical R.-), AHT decreases due to a 
lowering of the energy barrier to reaction. This decrease 
in energy is, however, achieved only at the expense of 
ast, which becomes more negative. These enthalpy changes 
reLlect certain rotational (restrictions in the transition 
states of peresters leading to stable radicals by con- 
certed loss of carbon dioxide. For example, in the de- 
composition of tert-butyl phenylperacetate, which is 
proposed to decompose by a concerted two-bond scission, 
neither bond b nor the bond between the carbonyl carbon 
and peroxide oxygen is free to rotate in the transition 
state. Bond b must be "frozen" to allow the resonance 
delocalization of the unpaired electron developed in the 
incipient benzyl radical (I), and the bond between the 


carbonyl carbon and peroxy oxygen must be "frozen" to 
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eliminate the benzyl radical and the tert-butoxy radical 


from the carbon dioxide in a trans manner. 


WOnGiCH) 5 


"frozen bonds” 


(I) 


On the other hand, no bonds are "frozen" in the transi- 
ErOM state £or= tie non-concer ted decomposition Of Lert= 
butyl peracetate and thus it was anticipated that this 
perester would give a higher enthalpy and entropy of 
activation. The activation parameters, Aut and ast se 
GerU-buLy ie plieny lberacetatetare 29 "kcal/mole ‘and “4.6 7u. 
Respectively, LOr celc-_UUtyl pebacec ace Aut ="38khcaly 
mole and ast = 17 e.u. For the entire series of per- 
esters studied here, Bartlett and Hiatt were able to 
demonstrate the correlation between aut and Ast. which 
suggests that the favorable Aut for the decomposition 
of the more unstable peresters was obtained at the ex- 
pense of restrictions of rotational degrees of freedom, 


which were reflected in a small ast. It was possible to 
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discern from their data, ranges of Aut and Ast character- 
istic of decompositions involving transition states having 
PESEPICCION Om rotation avout. 0,91, 2, or 3 bonds. ©» The 
rates and activation parameters for a number of illustra- 
tive substrates are listed in Table l. 

It is important to emphasize that the principles put 
forth by Bartlett and Hiatt should be used as qualitative 
tools only. Clearly, Bartlett and Hiatt were only postu- 
lating a limited correlation between activation para- 
meters and the number of bonds with restricted rotation 
in the transition state. Some workers have employed the 
postulates of Bartlett and Hiatt rigorously and have set 
limits on the magnitude of the activation parameters for 
the purpose of distinguishing between concerted or non- 
concerted decomposition. For example, Martin (14) stated 
that peresters which decompose by a step-wise mechanism 
(path A) are associated with values of aut > 35 kcal/mole 
and Ast Palo ee Ue oimilarly, —Lorand | 20) pur CoLltnga.cor— 
relation between concerted decomposition and activation 
parameters where it was suggested that concerted two-bond 
scission can occur only when Aut < 32 Keal/mole “and ast a 
if 2... 

Pryor (28) Criticizes such) rigorous fapplications of 
the Bartlett-Hiatt criteria. He cites examples to illust- 
rate that solvent effects can have a very marked influence 


on activation parameters. Bloomquist and Ferris (2), for 
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example, found that the decomposition of tert-butyl perben- 
zoate in phenyl ether led to quite different activation 
parameters than when the decomposition was carried out in 
para-chlorotoluene (Table 2). This result would lead one 
to conclude that tert-butyl perbenzoate decomposes by a 
non-concerted mechanism in phenyl ether, and by a concert- 
ed Mechanism in parea-chloroteluene. Albeit) that this is 
an extreme case it does, however, underline one of the 
serious limitations of the Bartlett-Hiatt criteria. Per- 
haps, even subtle solvent changes could blur the differ- 
ences between the activation parameters of some peresters. 
Therefore, it is important to restrict the Bartlett-Hiatt 
test to data from a single solvent. 

Pryor (28) pointed out another limitation of the 
usefulness of the activation parameter test, and that is 
the imprecision involved in determining aut and Ast. For 
Che decomposition OL tert-butyl 2,2-dimethylperpropionate 
in cumene Lorand and coworkers (20) report activation 
parameters of aut = 27-6 kcal/mole and ast = 5 0y CU Oke 
and Franklin (21) also studied the decomposition of this 
perester in cumene and found aut = 25.5 kcal/mole and 
ast <—=e2-9 G1. obt 1S) difificult, therefore, to use the 
activation parameters to compartmentalize precisely per- 
esters either as regards the number of bonds that are 
rotationally restricted, or that are undergoing scission 


at the transition state. Pryor suggests that the most 
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TABLE 2 
Activation Parameters of the Decomposition of 


tert-Butyl Perbenzoate 
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restrictive classification that can be made is that per- 
esters with aut > 33 kcal/mole probably decompose by simple 
one-bond homolysis with no restricted rotations in the 
transition state, and those with Aut < 27 kcal/mole prob- 
ably decompose by a concerted mechanism with one or more 
bonds restricted in the transition state. 

Another facet of the structure-reactivity relation- 
ship in perester decomposition has been the effect of 
neighbouring groups on both the mechanism of the decompo- 
sition and its absolute rate relative to the unsubstituted 
perester (12-14, 29). To examine the possibility of 
neighbouring group participation by a $-phenyl substituent, 
Martin (13) studied the kinetics and mechanism of the de- 
composttion OL tert-butyl “3—-phenylperproepionate (1) An 
acceleration of the rate of decomposition could in theory 


occur via a transition state similar to II (Scheme 2). 


-CH.-CH.-C-0-0-C (CH 
C ,H,-CH.-CH.,-C-0-0-C ( 3)3 
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The activation parameters for the decomposition of this 
perester fell in the same region as those for the decom- 


position of tert-butylperacetate (tert-butyl 3-phenylper- 


propionate, Aut 35 kcal/mole, ast = 13 e.u., tert-butyl 
peracetate, aut = 38 kcal/mole, ast = 17 e.u.). On the 
basis of the Bartlett-Hiatt criteria, Martin concluded 
that the decomposition of this perester occurred via a 
non-concerted one-bond scission (path A). Therefore, he 
proposed that the phenyl group was not effective in the 
acceleration of the decomposition of this perester by 
stabilization of the incipient 2-phenylethyl free radical. 
An example of neighbouring group participation by B- 
substituted heteroatoms in the thermal decomposition of 
diacyl peroxides was demonstrated by Leffler and co- 
workers (29c); The rate of decomposition of bis (8-iodo- 
propionyl) peroxide 2 was accelerated by a factor of 17 
over that of the parent peroxide, and the magnitudes of 
the activation parameters were compatible with a cyclic 


five-membered transition state, as illustrated in Scheme 3. 
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Martin and coworkers (12) found that bond homolysis 
was accelerated by neighbouring iodide and sulfide groups 
in the decomposition of some tert-butyl peresters. Very 
large acceleration of the first-order thermal decomposi- 
tions of tert-butyl ortho-substituted perbenzoates, 3, 
was provided by sulfide and to a lesser extent by iodide, 
relative to tert-butyl perbenzoate. The relative rates 
of decomposition of these peresters at 40° in chloroben- 
zene, and their activation parameters, are listed in Table 
Shs 

The rate enhancement by both sulfide and iodide 
substituents was ascribed to neighbouring-group partici- 
pation in a homolytic bond cleavage, the O-O bond cleav- 
age being accompanied by simultaneous O-S or O-I bond 
formation. The lowering of the activation parameters Aut 
and ast upon comparison with those of the unsubstituted 
perester,, X= 1, with che Ortho-substituced peresters, 


Xe =e and x. = )5S-CoH 1S CONSiIstent With a transi ction 


65% 


state in which there is restricted rotation about three 


bonds, as indicated by the arrows in the structure below. 
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Fisher and Martin (12d) speculated that the decomposition 
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TABLE 3 


Decomposition of tert-Butyl ortho-Substituted 


a 


a 
Perbenzoates at 40° in Chlorobenzene 


C-0-O0-C (CH) 5 


xX = SCH. 
x=] 
A= 


Relative rate 


aut 
(kcal/mol) 


The kinetic data was reported by Martin and 
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of tert-butyl ortho-iodo and ortho-phenylthioperbenzoate 
proceeded via a cyclic five-membered transition state, 
in which stabilization is gained at the expense of ro- 
tational freedom as depicted by structures III and IV in 


Scheme 4. 
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SCHEME 4 


Decomposition rates obtained for substituted per- 
esters have been shown to be subject to polar effects as 
well as effects attributed to anchimeric assistance. 

Polar effects have a strong influence on the rate of frag- 
mentation of peroxy esters. It was demonstrated by 
Bartlett and Ruechardt (10) that the rates of decompo- 
Sition of substituted tert-butyl peroxyphenylacetates (4), 
follow a Hammett relation (poe with a p = -1.09, for 


the thermal decomposition of these peresters in chloro- 
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benzene at 90.66°. The correlation of the rate constants 


with the Hammett equation with the use of on has been in- 


terpreted as arising from a direct resonance interaction 


between the substituent group and the reaction 


center 
(Scheme 5). 
i ee | 6 
CH.-C-O-O-C (CH) , | CH,---CO0---0-C (CH) 4 
Ss 4 


CH." + co, + O-C(CH,), 


SCHEME 5 


There exists the possibility that anchimeric accel- 
eration Of the uate of decomposition of tert—butyl-3- 


bromo-2,2-dimethylperpropionate could occur via a cyclic 


transition state similar to V. 
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Neighbouring group participation by the bromine substituent 
could also proceed via a concerted, multi-bond cleavage 


leading to the transition state depicted by structure VI. 


CH, 6) 
Dae 
potS 
Br 


vi 


Similarly, anchimeric assistance by the 8$-chloro, £- 
iodo and $-phenylthio substituents could occur via the 
types of transition states depicted for the 8-bromo per- 
ester. In addition, there exists the possibility of an- 
chimeric assistance by 8-iodo and f=phenylthio substitu- 


ents via a cyclic five-membered transition state such as 


VII. Fi 
CH, 
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This transition state is analogous to the one postulated 
by Fisher and Martin (l2d) for the decomposition sofeterc- 


butyl ortho-substituted perbenzoates, or the one postulated 
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by Leffler (29c), for the decomposition of bis (f-iodopro- 
Pionyl) peroxide. 

It would be expected that neighbouring group part- 
icipation via any one of the transition states illustrated 
above should lead to substantial acceleration of the rate 
of decomposition of the perester, compared to the unsub- 
stituted case. The examination of the activation para- 
meters for their decomposition might shed some light upon 
the nature of the transition state in this decomposition. 

Polar effects caused by the various B-substituents 


must also be considered (VIII). 


VIII 


If X is a strongly electron-donating group, it would be 
predicted that the rate of decomposition would be in- 
creased by stabilization of the cationic center on the 
tertiary carbon. And the opposite effect would prevail 
for an electron-withdrawing group. 

In view of the above considerations it was decided to 
study the thermal decomposition of the various tert-butyl 


B-substituted perpropionates. 
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Preparation of the Starting Peresters 
The tert-butyl 3-substituted 2,2-dimethylperpropion- 


ates (X-CH.,C (CH) ,-CO,-C (CH like, were synthesized by 


3)3° 
converting the corresponding 3-substituted 2,2-dimethylpro- 
PrOn ceacias, 0-10, into, theirs 3—-substicuted 27. 2-dimnethyl— 


propanoyl chlorides 11-16, amd treating the acid chlorides 


with tert-butyl hydroperoxide in the presence of pyridine. 
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3 O CH 
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CH oe | Nel 
2 CH. 
7. / 
Xx Xx 
SS i) See ye 1 oxt as eee eG Br 
6x =CiH. 9X = 1 12k CH 15 X= 71 
7X=Cl 10 xX =C,H,s 13. X= Cl 16 X = C,H,S 
CH CH O 
| 3 ee Pyridine | 3 a 
CH, —— + (CH) 3C00H i Oho aa nes 
| Se n-Pentane | O-O-C (CH), 
CH (Oma CH 
2 yy 2 
Xx Xx 
ye ee 20 kee 
18 X = CH, ea en 
19 Cx CL 22eexe anc Hes 


The acids 5-7 were commercially available. Acids 8 (X = Br) 
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I), were synthesized by the reaction of 3-hyd- 


roxy-2,2-dimethylpropionic acid (23) with the appropriate 


hydrogen halide. 


permanganate oxidation of 2,2-dimethyl-1,3-propane diol 


(24). 


The acid 10 was synthesized by 


Acid 23 was synthesized by potassium 


the reaction of 3-chloro- 


2,2-dimethylpropionic acid (7) with sodium phenylthioxide: 
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io 
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2,2-dimethyl-3-phenylthiopropionic 
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into 2,2-dimethyl-~3-phenylthiopropionyl chloride (16) by 


means of reaction with oxalyl chloride in benzene. 


CH 
| JO CH 
CH ee Oxalyl chloride We 
Ss on ee CH-C-C 
CH, 25° Sp 
| Benzene CH, 
= | 
i S 
ors: | H 
6 5 
1o 16 


The more vigorous conditions for converting the acid into 
the acid chloride with thionyl chloride at 80°, could not 
be used for the preparation of this particular acid chlor- 
ide, since under these reaction conditions the acid chlor- 


ide underwent an intramolecular cyclization to yield thio- 


cromanon (25). 
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2,2-Dimethyl-3-phenylthiopropionyl chloride (16) could not 
be converted into tert-butyl-2,2-dimethy1l-3-phenylthioperpro- 


pionate (22) by the usual procedure described for all the 
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other peresters. Under these reaction conditions no per- 
ester formed, but instead two acids were realized as major 


products, 10 and 26. 
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A different procedure for the conversion of the acid chlor- 


ide, 


16, to the corresponding tert-butyl perester, 22, was 
employed. The modified procedure involved the simultan- 
eous addition of pyridine and the acid chloride to a 
Pentane solution Of (tert-butyl nydroperoxide s(seesexperi— 
mental page 64). The perester 22, thus synthesized, was 
free of all extraneous bands in the hydroxyl and carbonyl 
regions of the infrared spectrum. 

the "peresters 17-22 were purvired by "repeated re- 
Clystaverzations at -/S" Erom m-pentane, or by column 
chromatography at 0°. The purity of the various per- 
esters was determined by their nmr and infrared spectra, 
elementary analysis, and the reproducibility of their 


unimolecular rates of decomposition. 
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Kinetics 


The tert-butyl 3-substituted 2,2-dimethylperpropion- 
ates (17-22) were thermally decomposed in cyclohexane at 
the appropriate temperatures. The rates were determined 
by measuring the decrease in intensities of the infrared 
carbonyl absorptions of the peresters at 1760-1775 cm™?, 
The kinetic data for the decomposition of these per- 
esters are summarized in Table 4. From the rate constants 
shown in Table 4 it was possible to calculate the activa- 
tion parameters. The magnitudes of the activation para- 
meters are also illustrated in Table 4. 

The thermolysis of cyclohexane solutions of peresters 
je ende le gavesI Seance I9euyields Of the: theoretrcarly 
calculated amount of carbon dioxide and followed steady 
first-order kinetics to greater than 80% reaction (30). 
The insensitivity of the rate constant to a change in 
percent decomposition suggests that induced decomposition 
was not a complication here. The rate constants for the 
thermal decomposition of peresters 17 and 18 in cyclo- 
hexane at 55°, 65° and 75°, and their activation parameters 
are listed in Table 4. 

The rates of decomposition of peresters 19 (X = Cl) 
and 20 (X = Br), in various solvents did not show simple 
first-order kinetics; a plot of log ee VS Cine did snot 
Givesdestralgntsline (30). Itiwas found that: atvhagh 


percent decomposition, some acceleration of the rate of 
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Rate Constants and Activation Parameters for the Thermal 
Decomposition of the tert-Butyl 3-Substituted 2,2-Dimethyl- 


perpropionates (X-CH,-C (CH, ) ,-CO,-C (CH) 4) at Several Tem- 


Substrate 


Cl 


Br 


Temp 


°C 


peratures, in Cyclohexane 


TABLE 4 


Rate constant 


kx hee 
0.355 + 0.014 
1. 486: .05.04 
53.65 +.0.10 
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Relative Activation parameters 


rates 


0.345 + 
0.368 + 
0.390 + 


eee ee as = lt I+ I+ 


ioe Gs 


AH 


(kcal/mole) 


0.007 


AS 
(e.u.) 


0.005 30.7+1.4 10.0 + 4.3 


0.010 


0.010 
0.016 
0.007 


0.01 
0.01 
0.03 


0.02 
0.00 
0.04 


0.03 
0.10 


28.2 


29.3 


27.9 


28.8 


21e9 


i+ 


1.4 


0.7 


0.9 


4.0 


7.8 


3.8 


as 7 


I+ 


I+ 


3.3 


1.4 


a Iodine was added to exclude catalyzed decomposition (0.04 mole/1). 
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decomposition had taken place when radical scavengers 

such as DPPH, galvinoxyl or iodine were not present in 

the solution. For example, the rate constant for the 
decomposition of the 3-bromo perester, 20, in cumene™ at 
65°, was observed to increase with time. This result is 
illustrated in Table 5. The amount of carbon dioxide 
Measured under these reaction conditions was less than 

90% of the amount expected for the decarboxylation re- 
action. The decomposition of the perester was accompan- 
ied by a steady increase in the formation of 3-bromo-2,2- 
dimethylpropionic acid. Similarly, the decomposition of 
B-bromo perester,29, in cyclohexane without added iodine 
led to only 11% of the theoretically calculated amount 

of carbon dioxide, and 87% (mole/mole of perester) of 

the B-bromo acid, 8, was isolated. It was anticipated that 
the radicals (CH3).,-¢-CH,-xX (X = Cl, Br), formed in the 
decomposition of the parent peresters, could liberate a Cl>- 
or Br: atom by S-elimination; subsequent abstraction of 
hydrogen from the solvent would lead to the formation of 
the corresponding hydrogen halide. The hydrogen halide 
formed in the reaction most likely leads to an acid 
catalyzed decomposition of the peresters. In the presence of 
iodine neither the acceleration of the rate of decompo- 
Sition nor acid formation was observed. With added iodine 
first-order kinetics were observed. 


The decomposition of perester 19 (X = Cl) in chloro- 
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TABLE 5 


Decomposition of tert-Butyl 3-bromo-2,2-dimethylper- 


a 


b 


propionate g2qniser in Cumene at 65° 


Decomposition time Kiax LO7; seen 
(hours) 
Sais: Byte ih 
a0 6.40 
220 ie32 
4.0 8.60 


A total of 0.199 mmoles were used in the decomposition 


study. 


The concentration of the perester solution was 0.03986 


moles/1. 
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benzene gave a quantitative amount of carbon dioxide (30). 
Decomposition of peresters 20 (X = Br) and 21 (X =I), in 
cyclohexane with added iodine also gave quantitative 
amounts of carbon dioxide, 99% and 97% respectively. The 
rate constants and the activation parameters for the 
thermal decomposition of peresters 19-21 are listed in 
Table 4. 

wen Ore tChesos-phenylthio perester, 22,—ecatalyzedadecom— 
position was not a complication when the kinetics for its 
decomposition were studied; the magnitude of the rate con- 
stant for the decomposition in cyclohexane at 55° was the 
Same within the limits of experimental error, whether the 
decomposition was carried out in cyclohexane with or with- 
Out added iodine (1.63 x TONS sec 1). Under either of 
the decomposition conditions the rate constants obtained 
fOcyperester 22 were essentially the same vas (thosestor 
the other peresters in the series, as illustrated in 


Table 4. 


Product Studies 


The products of decomposition of perester 22 (xX = 
C.H,-S) were thoroughly examined. The perester was heated 
in cyclohexane at 75° for 10 half-lives and the products 
of the decomposition were analyzed. The data are out- 


lined in Table 6. 
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TABLE 6 


Products of Decomposition of tert-Butyl 2,2-dimethyl-3- 


phenylthioperpropionate in Cyclohexane at 75° 


Product Amount Amount Perester 

(mg) (mmole) moles/mole 
Carbon dioxide 30.8 06,73 0.94 
tert-Butyl alcohol 46.3 056.25 07,90 
Isobutylene 33.28 0.603 0.84 
8-Methylallylphenylsulfide 18.0 0:21.09 0.16 
Cyclohexylphenylsulfide 64.1 0.334 0.47 


Diphenyldisulfide 21.3 0.098 0.14 
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Bartlett and Hiatt (5), who studied the kinetics 
of the thermal decomposition of a wide variety of tert- 
have demonstrated that 


butyl peresters, R-CO,-C(CH 


3 3) 3! 
the decomposition of a perester may occur by one-bond or 
concerted two-bond scission. They postulated that when 
the stability of the resultant R-e radical is so constit- 
uted as to have a degree of stabilization considerably 
exceeding that of the methyl or phenyl radical, the 
thermal decomposition of a perester can occur with con- 
certed rupture of an O-O bond and a C-C bond to produce 
carbon dioxide and the free radicals (CH,) ,C-O- and R*. 
In an endeavour to establish anecner the increased 
Stability Of the tert-butyl. radical over a methy! cr 
phenyl radical is sufficient to facilitate a decomposi- 
tion via a concerted two-bond scission mechanism, 
Bartlett and Simons (9) undertook to study the kinetics 
of the thermal decomposition of tert-butyl 2,2-dimethyl- 
Derpropionate (17) in’ the temperature mange S5-c0c sand 
in the solvent chlorobenzene. 

Their kinetic studies showed that the rate of de- 
composition of perester 17 was accelerated by a factor 
of gi over tert-butyl peracetate, and by a factor of 
ie over Peet perbenzoate, and the increase in the 
rate of decomposition was accompanied by a lowering of 


the activation parameters (tert-butyl peracetate, aut = 
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38 Recah etsaeg al = 1? emu tert-butyl -2,2-dimethylper— 
propionate, aut = 30.0 Conroe net = 11.1 e.u.). Bartlett 
and Hiatt (5) observed large amounts of carbonyl-containing 
products (acid and ester) from the decomposition of tert- 
butyl peracetate. However, tert-butyl 2,2-dimethylper- 
propionate did not give rise to carbonyl-containing pro- 
ducts; instead, 90% of the theoretically calculated amount 
of carbon dioxide was found. Similarly, Koenig (19) 

found 91% of the theoretically calculated amount of carbon 
dioxide during the course of the study of the decomposition 
OLeperescter aly ein chlorobenzene. 

Lorand (20) and Fort (21) studied the thermal de- 
composition of perester 17 at various temperatures in 
cumene. Lorand reported a near quantitative yield of 
carbon dioxide under these decomposition conditions. 
Yabuuchi (30) of this laboratory, studied the kinetics of 
the thermal decomposition of tert-butyl 2, 2-dimethyliper— 
propionate at 55, 65 and 75° in cyclohexane.” (He aiso 
observed a near quantitative yield of carbon dioxide for 
the thermal decomposition of perester 17. The rate con- 
stants, activation parameters, and yields of carbon di- 
oxide reported by the above authors, for the decomposition 
Of perester I7 at 65°, are listed in Table 7. 

Bartlett and Simons (9) and Lorand (20) carried out 
a detailed study of the products from the decomposition 


of perester 17. The products, and the yields based on 
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TABLE 7 


Thermal Decomposition of tert-Butyl 2,2-dimethylperpro- 


pionate at 65° 


aut ast co. 
Reference oe, Seo (kcal/mole) (e.u.) (moles/mole 
perester) 
9 Ta0 30.0 rs egal 0.90 
19 8.17° - ~ 0.91 
20 5.6L 276 Seals 0.98 
21 FS io: 255 -2.9 = 
30 4.02 293 18 0.98 


Decomposition in chlorobenzene. 

Calculated rate constant using the activation parameters 
found by Yabuuchi (30). 

Decomposition in cumene. 


Decomposition in cyclohexane. 
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moles/mole of perester, found by Bartlett and Simons (9) 
were: acetone 0.26, tert-butyl alcohol 0.79, isobutylene 
and isobutane 0.29, and polybutylene 0.46. Lorand found 
tert-butyl alcohol 0.79, isobutylene 0.40, isobutane 0.30, 
dicumyl 0.68 and di-tert-butyl ether 0.02. The products 
can all be rationalized on the basis of the products de- 
rived from (CH,),-C-O", R° and carbon dioxide. 

The Bartlett-Hiatt criteria predict that peresters 
which decompose by a mechanism in which the rotation of 
one bond is restricted in the transition state will show 
values of aut between 30 and 35 kcal/mole, and ast between 
6 and 13 e.u. For those peresters in which there is re- 
Peo ieres rotation about two bonds, the values of AHT 
should lie between 26 and 30 kcal/mole and ast between 
4 and 6 e.u. If there is a further bond whose rotation 
is restricted, aut is predicted to lie between 22 to 26 
kcal/mole and Ast between 4 to -5 e.u. 

In the case of perester 17 a concerted decomposition 
requires that the bond from the carbonyl carbon to peroxy 
oxygen be restricted because of the trans elimination of 
the tert-butyl and tert-butoxy radicals. The magnitude 
of the activation parameters found by Bartlett and Simons 
(Oympandavy svanuuchin(30)isfor perester  l/(lables4 gare 
compatible with the Bartlett-Hiatt criteria for srestracred 
rotation about one bond in the transition state. However, 


the activation parameters reported by Lorand (20) for the 
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decomposition of perester 17 in cumene, would predict re- 
stricted rotation about two bonds in the transition state, 
and the activation parameters reported by Fort (21) for 
the decomposition of perester 17 in the same solvent, 
would predict restricted rotation about three bonds in 

the transition state. This lowering of the activation 
parameters should be reflected in substantial increases 

in the rate constant for the decomposition of perester 17. 
Bartlett and Hiatt (5) observed a 75-fold decrease in the 
rate of decomposition in going from a perester for which 
there was a predicted restriction of rotation about three 
bandssto-perester Tv, for which there 1s@a (predicted re— 
striction of rotation about one bond. It seems reasonable 
to suggest, then, that Bartlett and Hiatt were postulating 
a limited correlation between activation parameters and 
the number of bonds with restricted rotation in the 
transition state. However, their postulates have been 
extended, at least as a working hypothesis, by some workers 
to include a correlation between activation parameters and 
concerted or non-concerted decomposition. For example, 
Lorand (20) postulated that peresters may decompose via 
spontaneous, concerted two-bond scission whenever the 
Stabiiity OL R- 1S)’ equal (lO Or gréater "Chan shat oc cer. 
butyl; aut less than or equal to 32 kcal/mole, and ast less 
than or equal to 12 e.u. 


The results from the kinetic study of perester 17 
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listed in Table 7, and the nature of the products report- 
ed by Bartlett and Simons (9), and by Lorand (20) for the 
decomposition of this perester, can be rationalized by 
proposing a first-order concerted cleavage to yield car- 
bon dioxide, tert-butyl radical and tert-butoxy radical 


as illustrated in Scheme 6. 


+ 


(CH) 3C- ay co az °O-C(CH3) , 


SCHEME 6 


It can be seen from the data contained in Table 7 
that»for the decomposition of perester 17, the enthalpy 
of activation (AHT) varies, from.3060 kcal/ymolewto 2525 


ii 


kcal/mole, and the entropy of activation (AS') varies 
from 11.1 to -2.9 e.u. Some of these discrepancies may 
arises from: ay lack, of) precision. in’ the data.or from, the 
use of different solvents. Pryor (28) has cited examples 
in which solvent effects have led to considerable dif- 


ferences in the activation parameters observed in the 


decomposition of some peresters. Differences in the 
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activation parameters may also arise from the influence of 
induced decomposition, although all the data listed in 
Table 7 were obtained by researchers who endeavored to 
eliminate this complication. For example, Yabuuchi studied 
the decomposition of perester 17 in pure cyclohexane, and 
with 0.04 M iodine added, and found the rate constant and 
activation parameters to be the same within the limits of 
experimental error. The differences between the activation 
parameters found by Bartlett and Simons (9) for the decom- 
positionsotiperester 17 an chlorobenzene, and those found 
by Lorand (20) and Fort (21) for the decomposition in 
cumene, may be attributed to the differences in the sol- 
vents used. However, the significantly different activa- 
tion parameters reported by Lorand (20) and by Fort (21) 
for the decomposition of perester 1/7, both in cumene, 
appears to reveal an imprecision which may be involved in 
determining Aut and ast, 

Fort studied the kinetics of the thermal decomposition 
GOL tert-butyl 2, 2-diethylperbutancate ((CH_) 3C-CO,-(CH,) 3), 
and tert-butyl 2,2=dimethylperpentanoate (CH,CH.CH,C (CH,) 5~ 
CO,-C(CH,) 3), and compared the rate constants and activa- 
tion parameters for the decomposition of these two per- 
esters with ‘those of the less substituted tert-butyl 2, 2- 
dimethylperpropionate (17). The rate constants and acti- 


vation parameters for the thermal decomposition of these 


peresters at 65° in cumene are given in Table 8. 
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TABLE 8 
Thermal Decomposition of Various tert-Butyl Peresters 


_ ° 1 
R CO,C(CH,) , at 65° in Cumene 


R k x rie aut ast Relative 
oe (kcal/mole) (e.u.) rate 
(CH) ,C 4.53 Piatra) -2.9 1.0 
CH,CH.CH.C(CH,) » 116 2502 -3.2 1.67 


(CH,CH.,) 3C 14.6 24.7 vent 32 


ei ; | 
| ee ee 
7 ; 7 A 7 - 1) ioe nal i 
ian | i 7 " hg BY 2 aan 
eratasat- ry yo ax | ae as ve ne —< if 


— 


i | cor | 6 


| ; \ P : 
evitss fen Tea HSA < Ot sae tp 


e2a% Cette) (a lom\ (so8) RE 
ee Le PEE aaa = OT ~*~ Haein omen a —— om i " 
on 
7 e 
fi es eucs Ee..8 


: 
{, Ga 
VD gies 


34. 


The results in Table 8 show no significant varia- 
tions in the magnitude of the activation parameters. 
There is a steady increase in the rate of decomposition 
as the substitution of the R° radical increases. Fort 
attributes this increase to the increase in the stability 
of R* by virtue of the inductive effect of their addi- 
tional carbons. Yabuuchi (30) studied the kinetics of 
the decomposition of perester 18 at severa] temperatures 
in cyclohexane. The rate constant for the decomposition 
of this perester at 65° was found to be 6.31 x Toe secus. 
The activation parameters observed (AHT = 28.8 kcal/mole, 
ast = 7.0 e.u.) were higher than those reported by Fort. 
An investigation of the products from the thermal decom- 
position of this perester was not carried out; however, 
Yabuuchi did observe 99% of the theoretically calculated 
amount of carbon dioxide. Fort found that the rate of 
decomposition of perester 18 increased by 42% over per- 
ester lj .at 65°; Yabuuchi (found) this increase to be 364 
in cyclohexane. The activation parameters found for 
perester 18 are well within the limits required for de- 
composition via the concerted two-bond scission mechanism. 
They do not ditier significantly from those reported for 
perester 17 with the reaction carried out in cumene. It 
can then be postulated that the mode of decomposition of 
these two peresters occurs by a similar mechanism, namely 


concerted two-bond scission. The increase in the rate of 
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decomposition of perester 18 over perester Li Caneve cade 
tionalized as due to an increase in the stability of R- 
by virtue of the additional ethyl group. The observed 
increase in the rate of decomposition as the R group of 
the perester becomes larger may also be rationalized on 
the basis of steric grounds. An examination of a space 
filling model of perester 18 reveals that steric inter- 
action between the f-ethyl substituent with the carbonyl 


peroxy oxygen of the perester can occur: 


CHa) 
eal 


ee. 
O-O=-C (CH., ) 
CH. ol ce 


CH, 


The relief of this steric strain could result in an in- 
crease in the rate of decomposition of the more substituted 
peresters over tert-butyl 2,2-dimethylperpropionate (17). 
It was observed that both the 8-chloro and 8-bromo 
perescrers, 19 and 20, did not give first-order kinetics 
when the decomposition was carried out without an added 
radical scavenger. The rate of decomposition increased 
with increasing percent decomposition, and the main pro- 
ducts were 3-chloro-2, 2-dimethylpropionic acid {7) and 


3-bromo-2,2-dimethylpropionic acid (8). This result was 
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attributed to an acid catalyzed decomposition of these 
peresters as illustrated for the B-bromo perester, 20, 


in Scheme 7 (31). 


, 3 CH. 
- -Cs a . =o 
Br CH, 7 Bre So CH. C 
CH CH3 
Br ek Roo j HB aR: 
eS e 
HBr + Br~CH,~C(CH,) ,-CO,-C(CH,) , —»> —-» Acid + other 
products 
SCHEME 7 
The decomposition of the g-halogen peresters, 19 and 20, 
gave first-order kinetics in cyclohexane solutions with 
added iodine. It was rationalized that iodine scavenges 


the radical species quickly and inhibits the formation 
of HX. Under these conditions catalyzed decomposition 
was completely eliminated as evidenced by first-order 
kinetics and absence of carbonyl-containing products; 
near quantitative amounts of carbon dioxide were found 
for both of these peresters. The kinetic study of the 


thermal decomposition of the 8B-iodo perester, 21, was 
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also carried out in a cyclohexane solution with added io- 
dine. The decomposition of the 8-phenylthiol perester, 
22, gave first-order kinetics under both conditions, neat 
cyclohexane and cyclohexane with added iodine. The rate 
constants and activation parameters for the decomposition 
OF peresters 19 and 20, as 1)lustrated in Table 4, do not 
exhibit any significantly large variation. 

Anchimerically assisted acceleration of the rate of 
decomposition by a neighbouring halogen atom such as chlor- 
ine, bromine or iodine could occur via transition states 
of the type depicted below in which there would be re- 


stricted rotation about bonds a and c in 1X and a and c 


in X. 
4 + is 
O O-C (CHS) 3 5 pea ie se 
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c7 Cheese 
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This type of stabilization by a neighbouring halogen atom 
should be reflected by a considerable lowering of the 
activation parameters when they are compared to those of 
the unsubstituted perester 17. From the data in Table 1 


p.5 it can be seen that Bartlett and Hiatt observed a 
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lowering of the enthalpy of activation by 7 kcal, anda 
lowering of the entropy of activation by 13 e.u. when com- 
paring perester 17 with predicted rotation about one bond 
in the transition state to a perester with predicted re- 
stricted rotations about three bonds. Furthermore, this 
increase in the number of restricted rotations was accom- 
panied by a 75-fold increase in the rate of decomposition. 
It was anticipated then, if any significant anchimeric 
acceleration by Cl, Br or I did occur in the decomposition 
of these tert-butyl 3-substituted 2, 2-dimethylperpropion- 
ates, then the rates of decomposition of these peresters 
should be substantially higher than those of the unsub- 
stituted analogue, and the increased stabilization of the 
incipient Rewradieal Viaitransition states Tx sor xsshould 
be reflected by a lowering of the activation parameters. 
Examination of the kinetic data of Table 4 shows 
thateoniyethe @-10do perester, 21;eexhabits, agsmaiiacce]— 
eration of the rate of decomposition over the unsubstituted 
pecesternjal/ 29 indeed, the rate constants for both athe 
chlorine and bromine derivatives are lower than those of 
the unsubstituted perester. Furthermore, the activation 
parameters for these peresters are the same within the 
limits of experimental error. In view of these results 
it must be concluded that anchimeric acceleration of the 
type as depicted in transition state X, or by concerted 


elimination as outlined in transition state IX, does not 
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Occur to any significant extent. It appears that the 
relative rates of these peresters are governed by a com- 
bination of steric and inductive effects, and these will 
be discussed subsequently. 

As proposed in the introduction, both iodine and 
sulfur could, by analogy with the tert-butyl ortho-sub- 
stituted perbenzoates studied by Fisher and Martin (12d), 
cause anchimerically accelerated bond homolysis in the 
tert-butyl 3-substituted 2,2-dimethylperpropionates, via 


a cyclic five-membered transition state VII. 
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As previously stated a mode of decomposition via such a 
transition state requires restricted rotation about 

three bonds (a, b and c), activation parameters consistent 
with this loss of degree of rotational freedom in the 
transition state, and a substantial acceleration of the 
first-order thermal decompositions of the 8-substituted 
Peresters,, 21 and 22,over the unsubstituted perester, 

17. Although both the iodine and sulfur derivatives de- 
composed at a faster rate than the unsubstituted perester, 


the increase in the rate of decomposition was not signifi- 
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cant enough to allow one to ascribe this to anchimeric 
assistance. Because the activation parameters of the 
B-iodo perester, 21, and @-phenylthio perester, 22; are the 
same, within the limits of experimental error, the prob- 
ability of anchimeric assistance by these two substituents 
via the cyclic five-membered transition state VII, is low. 

Thus, the kinetic study of the thermal decomposition 
of the tert-butyl 3-substituted 2,2-dimethylperpropionates 
has not shown any dramatic variations in the rate constants 
or activation parameters. 

Considering the charge-separated structure VIII, it 


is clear that an increase inthe electronegativity of the 


CH _— 
SN ete 8 
ne ee (CH) 3 
CH.X 
VIII 


substituent should be less favorable to the partially 
developed positive charge in the acid portion of the per- 
ester. This polar structure will be most destabilized by 
the electronegative chlorine atom, and this perester 
actually exhibits the lowest rate of decomposition of 
the series of peresters studied. 

The polar effect of the B-substituent on the ground 
state energy of the peresters should also be considered. 


Electron-withdrawing groups like chlorine should reduce 
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repulsive forces between the lone pairs on the two per- 
oxide oxygens and thus increase the stability of the 
perester. Electron-donating groups should exhibit the 
opposite effect. 

Either argument presented above predicts that the 
order of the rate of decomposition should be CH,CH, > H > 


Coke 


CoH_S > I > Br > Cl, the inductive order. Experimentally 
it was found that the order for the rate of thermal 
decomposition of the peresters studied was I > CH,CH. > 


C.H_S 2eH >*Brro (C1; swhichyis notcothe! inductive order. 
Bartlett and Ruechardt (10) demonstrated the influence 

of the inductive effect of a chlorine atom upon the 

rate Of sthermalsdecompositionsol artert-butyleperester,; 
when they compared the rate constant for the decomposition 
ob tert-butyl meta-chloropheny |peracetateswith ithatsoft.the 
unsubsie: uLedsperester (tert buty leipheny Eperace tateyman 
chlorobenzene at several temperatures. The relative 
rateson ethe meta—-chloroesubstituted yperes ter qtorthefun— 
substituted one was found to be 0.4. A similar retarda- 
tion of the rate of decomposition due to a chlorine atom 
was observed for the tert-butyl 3-substituted 2,2-di- 
methylperpropionates (Ki 9/ki7 =~_0.64 ie It tappears ethat 

the rate constant for ene seconresce an of the 8-chloro 
perester,, 19), 1s governed almost exclusively by the 


electron-withdrawing inductive effect of the 8-chlorine 


atom. 
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On the basis of the relatively small differences in 
the electronegativities of the halogen atoms, chlorine, 
bromine and iodine, one would predict that the rate of 
decomposition of the 8-bromo perester should increase 
slightly over that of the 8-chloro perester, and the 
B-iodo perester should decompose at a slightly accelerated 
rate over that of the B-bromo derivative. However, the 
rate constants of all of the S-halogen peresters would 
be anticipated to be less than that of the unsubstituted 
perester. Indeed, if a purely inductive effect prevailed 
then the rate constants should fit the Hammett-equation 
with the use of Taft oO”, Experimentally it was found 
that the rate constant for the sp-~bromo perester, 207 "was 
virtually the same as that of the unsubstituted perester, 
iG eee lalLtvesrate.or Peltester 70eLO perester lt wasn 0. 9), 
ands the Late Constant, tor the ib—rodo™ pérester, 2) .exceecds 
Ridteorrm Ue UnsuDsStl Lu cvec™ peresccry i /7 10Y sd accom Ores. 
Accordingly a plot of log k °vs oO” was not linear. A 
purely inductive order also predicts that the §8-phenylthio 
perester, 22, should decompose at a slower rate than the 
unsubstituted analog. It is difficult to rationalize on 
the basis of inductive effects why the B-iodo perester, 
21, decomposes at a faster rate than both the f-ethyl 
PervestclL, 15, anc perester 17, and why the 8-phenylthio 
perester, 22, decomposes at a faster rate than the un- 


SUDStituted perester;, 17: 
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The differences in the rate constants and activation 
parameters of the various peresters are far too insignifi- 
cant to permit one to speculate convincingly as to the 
cause of this observed order in the rates of decomposition. 
It was speculated earlier that the accelerated rate of 
decomposition of “the 8-ethyl perester, 18, may be ascribed 
to steric factors. Similarly, the accelerated rate of de- 
composition of the 8-iodo and 8-phenylthio peresters, 

21 and 22, over the unsubstituted case, could also be 
attributed to steric factors. An examination of the 
structure of the two peresters, 2l and 22, using space fill- 
ing models reveals an even greater steric interaction be- 
tween the B-iodo or f-phenylthio substituent and the per- 
oxy oxygen which is bonded to the carbonyl carbon, than 
for the B-ethyl substituent. This steric interaction 
appears to be most pronounced for the large iodine atom. 
The release of this steric strain in the transition state 
could result in a rate of decomposition greater than that 
which would be predicted if a purely inductive effect 
prevailed. 

The products of the thermal decomposition of tert- 
butyl 2,2-dimethyl-3-phenylthioperpropionate (22) in 
cyclohexane, were studied in detail. It was found that 
the rate constant for the decomposition of this perester 
was the same whether the decomposition was carried out in 


cyclohexane with iodine added or in neat cyclohexane. 
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Similarly, an investigation of the products of decomposi- 
tion in a cyclohexane solution with iodine added revealed 
that they were the same as those derived from the decompo- 
sition in neat cyclohexane. The decomposition products of 
perester 22 in pure cyclohexane are summarized in Table 6. 
The high yield of carbon dioxide (94%) is consistent with 
the mechanism of concerted decomposition and not with the 
carbonyl product producing pathway. The products obtained 


in this study are outlined in Scheme 8. 
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SCHEME 8 


Under the reaction conditions employed for this 
study the tert-butoxy radical was fixed as tert-butyl 
at ConoletG the extent sof 90¢s) The tert-butoxy zadical 
under these reaction conditions did not undergo a f-scis- 
sion reaction to yield acetone, a product obtained in 
OLrier ever c-DULy | perester Cecompos1CiOns ws Bart letu and 
Rueciardi (10) also;found a high yield (902) of jtert— 
Duby SalconOlpam their aecompositton studies oLetert— 
butyl phenylperacetate in toluene at 95°. In chloro- 
benzene a considerable amount of acetone was formed. Thus 
whenever there is a good hydrogen donor the main fate of 


thewterte-DuLtoxy cadical 1s to form teru-butylyalconol, 
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In summary, it can be concluded that the tert-butyl 
3-substituted 2,2-dimethylperpropionates studied decom- 
pose by the concerted two-bond scission pathway, and that 
anchimeric acceleration of the rate of decomposition by 
neighbouring group participation of the B-substituent does 
notroccurs" Thenorders,for jthekratesofdecompositionvisinot 
explained by a purely inductive effect. The small dif- 
ferences which do occur, in the order obtained for the 
decompositionsot the tert-butyl] 3-substituted 2,2-dimethyl- 
perpropionates, may perhaps be attributed to steric 


factors. 


gree a Ped 

pasate ts set 
can aoe a 
asah Ineudisedud-3 si4 io ar 
doa) al Semen votes a 
ait 2% Seniasdo pain SHO. OB | | oo 
~Pyddemib-£,% botutiéstive=t seated ai: gubakactalll 
oltete od Basidis23e sd Aqeiiueg geet heehee 7 


EA PoE ROL Mee NOT AG 
GLPC Analysis 


An Aerograph 90-P gas chromatograph equipped with a 
thermoconductivity detector was used throughout. The 
volatile and low boiling products were analyzed on a 
20' x 1/8" FFAP column (4% chromosorb W A/W DMCS 80/100 
mesh) at 72°. The high boiling products were analyzed on 
a 5' x 1/4" SE-30 column (10% chromosorb W A/W 60/80 


mesh) at 172°. 


Materials 

Thionyl chloride was purified according to the pro- 
cedure described (see experimental p. 172). Oxalyl chlor- 
ide, from Terochem Laboratories Ltd., was used without 
FULLRSE pirat ication. tert-Buty1 hydroperoxide was 
purchased from the Borden Chemical Co. and purified by 
distillation under reduced pressure (32-35°715 mm). n- 
Pentane was washed with concentrated sulfuric acid fol- 
lowed by distillation from phosphorus pentoxide. Cyclo- 
hexane, Phillips's Research Grade, was purified by 
refluxing over sodium metal for several hours followed 
by distillation. The infrared spectrum of the neat 
cyclohexane, purified in this manner, showed no extran- 


eous absorption bands in the olefinic region. 
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Preparation of Peresters and Authentic Samples 


Some of the 3-substituted 2,2-dimethylpropionic 
acids (xeH pci GH} 5=Cb,u) were commercially available. 
2,2-Dimethylpropionic acid (a) 2) J-dimethylpentanoic 
acid (6),and 3-chloro-2,2-dimethylpropionic acid (7) were 
obtained from the Aldrich Chemical Co., and were employed 
by Mr. Yabuuchi of this laboratory, as starting materials 
for the preparation of the corresponding peresters. The 
melting point and/or boiling point, and carbonyl absorp- 
tion of these acids are listed in Table 9, and their 


nmr spectra (CDC1.) are listed in Table 10. 


Preparation of 3-Bromo-2,2-dimethylpropionic Acid (8) 
The ®-bromo acid, 8, was prepared by the reaction 
of fuming hydrobromic acid upon 3-hydroxy-2,2-dimethyl- 
Propionic acid (23), The acid, 23, was prepared by 
potassium permanganate oxidation of 2,2-dimethyl-1,3- 
Propane diol. (24); according to the method of Testa (32)% 
Thevoxidation of 24°by this method netted 37 9° (36%) “of 
3-hydroxy-2,2-dimethylpropionic acid (23). The melting 
point and carbonyl absorption for this acid is listed 
in Table 9, and the nmr spectrum (CDC1,), in Table 10. 
ThescaLboxy lic acid, #237 Chus synthesized, was 
converted to 3-bromo-2,2-dimethylpropionic acid (8) with 
hydrobromic acid according to a modification of a pro- 


cedure described by Nerdel (36). Into a 500 ml three- 
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TABLE 9 


Melting Point and/or Boiling Point, and Carbonyl 


Absorption of Various 3-Substituted  2,2-Dimethyl- 
propionic Acids (X-CH.-C (CH,) »-CO,H) 


Substrate mp or bp Pts Lit. C=O 
x eC value ref. cm? 
OH 122-126 123-125 32 1680 
H 33-35 34 33 1685 
CoH. 98-9/9mm - 34 1695 
Cl 126-9/30mm 108-12/10mm 35 1700 
Br 51-52 bo 36 L705 
al 48.5-49.5 54 3/ 1708 
C (HS | 1154911 6 13:5 38 1683 
8 5 aD) 128.-5-130 = - 1700 
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TABLE 10 
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Nmr Spectra of Various 3-Substituted 2,2-Dimethylpropionic 
: a 
Acids (X-CH,~-C(CH,) ,CO,H) 


Substrate ,——-———Chemical Snr c ect) ag a sal ese cae Tee TEE 


X Carbonyl OH 

OH - 

H -2.41 (s) 
CoH. =—2.2. (8S) 
CL -2.45 (s) 
Br se eS) 
I -2.31 (s) 
C(H_S =i 615 4S) 
C.H_SO -1.38 (s) 
a 


standard. 


Methylene 


6.43 (s) 


8.54 (m) 


6.43 (s) 
Geode us) 
6.69 (s) 


Gx GS) 


6.86 (s) 


Gem-dimethyl 


8.86 (s) 


Bee2. Ss) 


8.68 (s) 
8.63 (s) 
8.65>-(s) 


B27 05(S) 


8.44 (s), 
9.098, "(59 


Other 


8.78 (s, 
tert-butyl) 


S20Gr tt, 
methyl) 


2.48-2.96 
(m, aro- 
matic) 


2.08-2.61 
(m, aro- 
matic) 


Nmr spectra were taken in cbcl, with TMS as internal 
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necked round-bottomed flask fitted with a thermometer, 
reflux condenser and a fritted glass gas-dispersion tube, 
were added 38.97 g (0.33 mole) of 3-hydroxy-2,2-dimethyl- 
propionic acid and 218 ml (4.80 mole) of 48% hydrobromic 
acid. The solution was allowed to stir for 24 hours at 
95-100° while a constant flow of hydrogen bromide was 
bubbled through the solution. The reaction mixture was 
allowed to cool to 25° and 250 ml of water was added. 

The entire mixture was extracted several times with 
ether, and the organic solution was dried over anhydrous 
magnesium sulfate. After removal of the solvent by 
rotary vacuum evaporation, 54 g (988) Orwa- slightly 
yellow solid remained. After recrystallization from 
water 3-bromo-2,2-dimethylpropionic acid was obtained 

as a white crystalline solid. The melting point and 
carbonyl absorption, and the nmr spectrum (CC1,) are 


listed in Tables 9 and 10, respectively. 


Preparation of 3-Iodo-2,2-dimethylpropionic Acid (9) 
The B-iodo acid, 9, was prepared according to a 
modification of a method described by Kohn and Schmidt 
(37). Into a 500 ml three-necked round-bottomed flask, 
fitted with a reflux condenser, magnetic stirring bar 


and a thermometer were added 33.6 g (0.29 mmole) of 
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acid 23, 225 ml (2.9 mole) hydriodic acid and 7 Gg {0523 
mole) of red phosphorus. The solution was allowed to 
stir under reflux for 12 hours, followed by stirring 

at 30° for an additional 12 hours. Subsequently, a 
distillation was carried out at atmospheric pressure and 
a white crystalline material soon began to solidify on 
the wall of the reflux condenser. The solid material 
was periodically flushed out of the condenser with 
carbon tetrachloride. The distillation was continued 
until only a viscous residue remained. The residue was 
extracted several times with carbon tetrachloride and 
the combined extracts, and the carbon tetrachloride sol- 
ution of the solid distillate, were dried over anhydrous 
magnesium sulfate. After evaporation of the solvent 

37 g (56%) of a white crystalline material remained. 

The’ 6-i0do acid, 9, was purified ‘by recrystallization 
from petroleum ether. The melting point and carbonyl 
Bpeceptions and nmr spectrum (CDC1.) of this acid are 
listed in Tables 9 and 10, respectively. 

Anal Calcd for C-H Oni. %C, 26.30; "73795." Foundreee, 
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262.497 Hy S295- 


Preparation of 2,2-Dimethyl-3-phenylthiopropionic acid (10) 


The acid, 10, was prepared according to a modifi- 
cation of the method used by Truce and Knospe (39) for 
the preparation of 2, 2-dimethy1-3-methylthiopropionic 


acid. Into a 300 ml round-bottomed flask fitted with a 
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Magnetic stirring bar and a reflux condenser were added 
130 ml absolute ethyl alcohol and 9.7 g (0.47 mole) 
sodium metal. The solution was allowed to stir at 30° 
for 2 hours after which time all of the sodium metal had 
disappeared. To this mixture was added another solution 
which had been prepared in the following manner: into a 
300 ml round-bottomed flask, fitted with a reflux con- 
denser and a magnetic stirring bar and containing 130 ml 
of absolute ethanol, were added 25 g (0.52 mole) of 
freshly distilled phenylthiol and 11.3 g (0.50 mole) of 
sodium metal. This solution was allowed to stir for 2 
Hours sat. 30a. 

The combined mixture was subsequently added dropwise 
into a one liter round-bottomed flask containing a solu- 
tion of 64 g (0.47 mole) of 3-chloro-2,2-dimethylpro- 
Plontcracids(/) jin 935m) absolute ethyl alcohol sarne 
resultant mixture was allowed to stir at reflux for 24 
hours, after which time the solution was concentrated by 
means of rotary vacuum evaporation. When the solution 
was cooled, a white solid residue remained which was 
subsequently acidified with 10% aqueous hydrochloric 
acid. The aqueous’ solution was extracted several times 
with ether, and the combined ethereal extracts were 
dried over anhydrous magnesium sulfate. After removal 
of the solvent by means of rotary vacuum evaporation, 


87 g (80%) of a white solid was isolated. The crude 
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product was recrystallized from chloroform/carbon tetra- 
chloride. The melting point and carbonyl absorption, and 
nmr spectrum (CDC1,) for acid 10 are listed in Tables 9 
and 10, respectively. 

Anal? Calcd for CO.  HewOno wc, 62702; Hy, 6.713) Syel5.25- 


Lie La 2 
FOUnG 6G, O2s003) He 0.497) 5; 5. SG. 


3-Substituted 2,2-Dimethylpropionyl Chlorides (X-CH,- 


C (CH) .-COC1) 

The procedure for the conversion of the various 3- 
substituted 2,2-dimethylpropionic acids, to the corres- 
ponding 3-substituted 2,2-dimethylpropionyl chlorides, 
was the same for acids 5 (X = H), 6 (X= CoHe), 7 (x = 
Ciy7eo) (xX — Br) sand59 (X= £). “The procedure for the 
conversion of the acid; 8, to the acid chloride, 14, 
will be described in detail. Into a 100 ml round-bottomed 
three-necked flask, fitted with a magnetic stirring bar 
and a reflux condenser were added 13.6 g (0.075 mole) 
Oies-DLomo-2,2-dimethy ipropionic saciid §(8)andwlZ.o0G 
(0.11 mole) of freshly purified thionyl chloride. The 
mixture was allowed to reflux at 80° for 4 hours. The 
crude material was distilled under reduced pressure and 
8.48 g (59%) of a colorless liquid was collected. Some 
of the physical constants and carbonyl absorption, and 
nmr spectra (CCl,) of the 3-substituted 2,2-dimethylpro- 
pionyl chlorides are listed in Tables ll and 12, re- 


spectively. 
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TABLE 11 


Physical Constants and Carbonyl Absorption of Various 


3-Substituted 2,2-Dimethylpropionyl Chlorides (X-CH.- 


Substrate 
».4 


C (CH) ,-COC1) 


Bp iS ake 
cc value ref. 
48/100mm 107 40 


59/31lmm 45/10mm 34 

= 85-6/60mm 41 
65/10mm 64.5/13mm 36 
90/92/9mm = = 


142/5mm = = 


e426 


1.4213 


2 


55) 


56. 
TABLE 12 


Nmr Spectra of Various 3-Substituted 2,2-Dimethylpropionyl 
Chlorides (X-CH,-C(CH,) -COC1)® 


Substrate ean eee Nemsical lsh ita.) ore 
X methylene gem-dimethyl other 
H 8.6/0 (Ss, ten 
butyl) 
CoH. 8.45 (m) 8.72 (s) 9°06 (t, methyl) 
CL 6.38 (s) 8.60 (s) 
Br 6.61 (s) 8.52, (Ss) 
I 6.48 (s) 8.58 (s) 
C,H,S 6.79 (s) 8.62 -(s) 2-50-29 


(m, aromatic) 


2 the nmr spectra were taken in ccl, with TMS as internal 


standard. 
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2,2-Dimethyl-3-phenylthiopropionyl chloride (16)- A 
solution of 10.4 g (0.05 mole) of 2,2-dimethyl-3-phenyl- 
thiopropionic acid in 100 ml of benzene was prepared in 
a 500 ml round-bottomed flask fitted with a magnetic 
stirring bar, a reflux condenser and a dropping funnel. 
From the dropping funnel was slowly added 112.5 g (0.89 
mole) of oxalyl chloride dissolved in 30 ml of benzene. 
The entire mixture was allowed to stir at 30° for one 
hour. Subsequently the volatile products and solvent 
were distilled at reduced pressure at room temperature. 

A total of 11 g (97%) of a bright yellow liquid was 
obtained. The physical constants and carbonyl absorp- 
tion, and nmr spectrum (CCl,) of this acid chloride are 
listed in Tables 11 and 12, respectively. 

The crude 2,2-dimethyl-3-phenylthiopropionyl 
chloride was subjected to purification by vacuum dis- 
tillation. The fraction boiling at 142-143°/5mm was col- 
lected as a colorless viscous liquid. An infrared spect- 
rum of the distillate revealed two carbonyl stretching 
bands at 1672 and 1780 emuoe The nmr spectrum in carbon 
tetrachloride showed two methylene absorption bands at 
t 6.79 and 7.12, and two different gem-dimethyl-absorp- 
tion bandstat tr 8262, and’ 3.73." eThewintegration 2atios 
showed that the ratio of acid chloride, 16, to the new 


compound which formed during the distillation was 3:1. 


A column chromatography purification, employing Woelm 
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neutral alumina and diethyl ether as the eluting solvent, 

yielded a pure white solid. This compound was character- 

Pzed,asuiathiocromanone(25)i; empe3a—35% , (Lit. (34235e0(38)): 
ir (CC1,) Voig 1672 cm™*; nmr (CC1,) t 1.93 - 2.13 (multi- 
Pplet, glu saromatic)), 62.7 7e-3.14) (multiplet,.3H; aromatic), 
7.12 (singlet, 2H, methylene) and 8.73 (singlet, 6H, gem- 

dimethyl). 


e 


Ana lewmcatCanror.c OSeoC, 684/72. 6529 eS net6soG. 


tt 
FOUNnG + 4C7068:.587 «Hiv GstlLneS, 616.935 

An attempted synthesis of 2,2-dimethy1l-3-phenyl- 
thiopropionyl chloride by refluxing in neat thionyl chlor- 
ide, the method employed in the synthesis of the other 
acid chlorides prepared here, also gave a mixture of 
acidechloride;, V6;~,and l>thiocromanong(25)," sthegexaty 1 
chloride method had the advantage that the reaction could 


be carried out at room temperature, therefore preventing 


the formation of 1-thiocromanon. 


PeLescens 

The peresters were prepared from the corresponding 
acid chlorides. The peresters 17 (X = H), 18 (X = C,H,) 
and¢19. (Xe—_ Cl). were synthesized by Hiroshi Yabuuchi of 
this laboratory (30). The method. for the conversion of 
the acid chlorides to the corresponding peresters was 
thesasameston, the preparation sof sperestersel/ f—s21 feene- 
Dimethyl-3-phenylthiopropionate (22) had to be prepared 


by a modification of this method. 
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A mixture of an acid chloride (0.15 mole), freshly 
purified tert-butyl hydroperoxide (0.255 mole) and 100 
ml n-pentane was allowed to stir at 0°. Purified pyri- 
dine (0.165 mole) was then added dropwise with stirring 
over a period of 20 minutes, while the temperature was 
maintained below 5°. The reaction mixture was then 
allowed to stand at room temperature for an additional 
40 minutes to ensure complete reaction. Subsequently 
the mixture was poured onto ice. The organic layer was 
separated and washed successively with cold 10% hydro- 
chloric acid, 10% sodium bicarbonate solution and dis- 
tilled water, and finally dried over anhydrous sodium 
sulfate. After removal of the solvent, the remaining 
crude material (usually 80 - 90% yield) was purified 
either eby recrystal lization firomen-pentanesate=/ 3201 
by passing it through a column of Woelm neutral alumina 
at 0°, using ether as the eluant. The latter method 
was shown to be particularly effective to remove all 
traces of impurities. Peroxide contents as determined 
by iodometric titration developed by Silbert (42), were 


not very reliable (B-C.H S6r5Si2 BE=Hyes 4 oes Ger, 


5! 
98.3%; B-Br, 98.2%). Bartlett (9) and Koenig (19) also 
obtained unsatisfactory results by this method for 

establishing the purity of the peresters synthesized by 


them. isthe purity sofethe .peresters wwasetherefore ideter-— 


mined by their infrared and nmr spectra, kinetic 
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behaviour and elementary analysis. The refractive indices 
and carbonyl absorptions, and the nmr spectra (CCl) of 
the peresters are listed in Tables 13 and 14, respectiv- 
ely. The elementary analyses of these peresters are con- 
tained in Table 15. 

tert-Butyl 2,2-dimethy1-3-phenylthioperpropionate 
(22) was synthesized in a different manner. An attempt 
to synthesize this perester from the corresponding acid 
chloride according to the procedure employed for the 
other peresters, gave an unsatisfactory result because 
of the apparent spontaneous decomposition of the per- 
ester during the preparation. The major products isol- 
ated from this attempted synthesis were two acids. One 
of these acids was identified as 2,2-dimethy1l-3-phenyl- 
thiopropioni¢c cid (10) onjthe basis of its nmr and in- 
frared spectra, and mixed melting point. It was specu- 
lated that the other acid formed in the reaction could 
perhaps be the sulfoxide of 2,2-dimethy1-3-phenylthio- 
propionic acid. The synthesis of 2,2-dimethyl-3-phenyl- 
sulfoxypropionic acid (26) was thus carried out. The 
procedure employed was similar to the one described in 
"Organic Synthesis" (43). Into a 100 ml round-bottomed 
flask fitted with a magnetic stirrer was added 5.0 g 
(0.024 mole) of 2,2-dimethyl-3-phenylthiopropionic 
acid in 12 ml of dioxane. The solution was cooled in 


ice and 5.40 g (0.0252 mole) of meta-sodium periodate 
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TABLE 13 


Refractive Index and Carbonyl Absorption of Various tert- 
Butyl 3-Substituted 2,2-Dimethylperpropionates (X-CH,- 


C(CH,) ,-CO,-C(CH,) 3) 


25" 
Substrate Ay Yo=0 Lit. ref. for synthesis 
x cm + of peresters 
H 1.4100 1761 5 
C54. 1.4226 1765 21 
cl 1.4390 1765 - 
Br 1.4569 2775 = 
I 1.5198 1764 - 
C_H_S “= 1760 aa 
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TABLE 14 


Nmr Spectra of Various tert-Butyl 3-Substituted EM AS ts 


: a 
methylperpropionates (X-CH5-C (CH) .-CO,-C(CH,) 5) 


Substrate f-:.7-—————Chemical Shift (t)-—————~ 


X methylene gem-dimethyl tert-butyl other 
(peroxy ) 
H 8.76 (s) 8.80 (s, 
Lene 
butyl) 
CoH, 8.68 (m) 8.84 (s) 8.74 (s) (3.08) (tc; 
methy1) 
Ch 6.40 (s) 8.68 (s) 8.73 (s) 
BE 6259 (Ss) 8.69 (s) 8.74 (s) 
1 6.7/2) (Ss) 8.69 (s) S273 (Ss) 
C H.S 6.88 (s) ————— 8.72(s) ————_ 2e00m2 299 
6 (m, aro- 
matic) 


¢ The nmr spectra were taken in carbon tetrachloride with 


TMS as internal standard. 
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in 40 ml of water was added. The reaction mixture was 
allowed to stir for 18 hours. The excess solvent was 
removed by vacuum distillation; methylene chloride was 
subsequently added, and the sodium periodate was removed 
by filtration. The organic solution was washed twice 
with water. The crude material was freed of iodine by 
shaking it with sodium thiosulfate in a methylene chlor- 
ide (20 ml)/water (5 ml) solution. The organic layer 
was dried over anhydrous sodium sulfate. After removal 
of the solvent by rotary vacuum evaporation and re- 
crystallization of the crude material from a carbon 
tetrachloride/chloroform mixture, 5.28 g (97%) of pure 
27e-Gimethyi-~3—-pheny lsulfoxypropionic, acid (26)? re- 
Mained. The refractive index and carbonyl absorption, 
and nmr spectrum (CDC1,) Ob yacid 326 (are siistedean 
Tables 9 and 10, respectively. 
Anal. Calcd for C174 4038: Ces Oger ar oo ina 
Found: Cc, 58.2 H, 6.23; 5, 14.20. The sulfoxide acid, 
26, isolated from the attempted perester synthesis was 
identical with that of independently synthesized acid, 
26, on the basis of spectral evidence and mixture melting 
point. 

tert-Butyl 2,2-dimethyl 3-phenylthioperpropionate 
(22) was consequently prepared by a modification of the 
procedure described for the other peresters. Into a 


100 ml three-necked round-bottomed flask submerged in 
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an ice bath and equipped with a magnetic stirring bar, 

a reflux condenser and two dropping funnels, was added 
1.68 g (0.177 mole) of freshly distilled tert-butyl 
hydroperoxide in 10 ml of purified n-pentane. A solu- 
tion of 2,2-dimethyl-3-phenylthiopropionyl chloride 
(3.07 g, 0.0135 mole) in 10 ml n-pentane, and a solu- 
tion of pyridine (1.34 9g, 0.0170 mole) in 10 ml n-pent— 
ane, were slowly and simultaneously added to the stirred 
solution of tert-butyl hydroperoxide. After the addition 
period (20 min), the resultant mixture was poured onto 
ice. The organic layer was separated, washed success- 
ively with cold 10% aqueous hydrochloric acid, cold 10% 
aqueous sodium carbonate and cold water, and dried over 
anhydrous sodium sulfate. The solvent was removed under 
reduced pressure while 6he flask containing the perester 
was kept at 10°. The oily residue was purified by 
column chromatography at 0°, as previously described, 
and 0.530 g (15%) of a colorless oily residue was isol- 
ated. 2,2-Dimethyl-3-phenylthioperpropionate (22) had 
an elementary analysis as reported in Table 15, and 
showed nmr (Table 14) and infrared (Table 13) spectra 


which were consistent with its assigned structure. 


B-Methylallylphenylsulfide (27) 
The reaction of thiophenol with §$-methylallyl 


chloride to yield §-methylallylphenylsulfide was carried 
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out according to the procedure of Cope, Morrison and 
Field (44): bp 83 - 84°/2.8 mm (lit. 89°/3.4 mm); the 
nmr spectrum (neat) was compatible with the one reported 
for this compound by Kwart and Evans (45). 

Anal BCaledn forge Hee s2eC, 73-11 pay. 307. Se oe 2s 


EOe 22 
Founde9C, sde2zieeh, [24676575 19.64. 


Cyclohexylphenylsulfide (28) 


The compound, 28, was prepared according to a 
method similar to that employed by Saville (46). A 
mixture of 40 ml (0.40 mole) of purified cyclohexane, 

54 ml (0.527 mole) of phenylthiol and 1.5 g of AIBN was 
heated to 75-80° for 40 hours under a constant stream 

of nitrogen. The resultant reaction mixture was purified 
by distillation to give a 65% yield of cyclohexylphenyl- 
SuLEIdc-mbped 2621297972. Sema (lit. 1112/0 .)2mm)e nmr. 
(neat) atu2e /47=-23.29 {multiplet, (5H, aromatic)y, 1.6.80 = 
JmolL(muLctiplet, «lH; Hy OL cyclohexy1)imands6..005=3.9.65 
(multiplet;-LOH, cyclohexyl). 

Anal s.eaCalcdetoreCs H-25:3C770/4..94; 8H, 8.39; 0S, 16.672 


Pare igs: 
Bound ?sG,m /0500; eH, 0 6935, Ord 0. 


Kinetic Studies 
The rate of disappearance of the peresters was 
monitored by following the disappearance of the carbonyl 


stretching band of the peresters at 1760 - 1775 cme, 
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A Perkin-Elmer infrared spectrophotometer, Model 21 or 
421, was employed throughout this study. Products from 
the decomposition of the peresters did not have any ab- 
sorptions in this region of the infrared spectrum. 

A cyclohexane solution of a perester (0.04 M) was 
initially prepared. In the case of the peresters, Ake) 


(Cl) 20) (X= Br) ed (Xe 1) and 225 (x3 H.S), 


6 
iodine (0.04 M) was added in order to exclude anticipa- 
ed induced decomposition of these peresters. Beer's 

Law was verified for this system, as evidenced by the 
straight lines obtained from a plot of log % transmit- 
tance vs the Known concentration of the yperester, for 

a series of standard solutions. Aliquots (1.5 ml) of 

the solution were degassed by three cycles of the freeze- 
thaw method and sealed in Pyrex ampoules. The ampoules 
were then immersed in a bath kept at the appropriate 
temperature within + 0.05°°" “Atter various reaction 
periods the tubes were removed from the bath. The 

first sample was removed after 10 minutes and was re- 
garded as the zero-time sample. Upon removal from the 
bath, each sample was quenched by immersing the reaction 
tube in liquid nitrogen. When all of the samples for a 
particular run had been obtained, they were opened and 
allowed to warm to room temperature, and the percentage 
transmittance was measured for each sample at the fre- 


quency maximum of the perester carbonyl band in the 
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infrared. The cells used for this purpose were a 0.3 mm 
AgCl sample cell and a variable NaCl reference cell. For 
each sample only the region from 1675 to 1975 emit was 
scanned. To obtain an average value for the percentage 
transmittance Tp! a total of 5 scans over this region 
was made for each sample. Generally the concentration 
of the starting perester was so chosen that all samples 
were in the region of 20 - 80% transmittance; a con- 
centration of 0.04 M generally gave a To! (percentage 
transmittance of the blank), of about 20%. Beer's Law 
requires that. log T= log ao should be proportional to 
the concentration of perester P, where T| is the percent- 
age transmittance of pure solvent, and TS is the average 
percentage transmittance of the perester at time t. 
Experimentally, for ne Sees solutions, the plots 
Gimperes teraconcentrationyys (loge T eelog T) were con— 
firmed to be linear for all the peresters studied (T is 
the percentage transmittance for a known perester con- 
centration). From these calibration curves it was pos- 
sible to obtain P,, the initial perester concentration 
(concentration of the perester in the blank), and P, the 
perester concentration at time t. The first-order rate 
constants for perester decomposition at each time t, 
were obtained by substituting into the rate expression, 


Z6o03 
ie 


k = log P,/P. The rate constants obtained for 


several times t, were the same within the limits of ex- 
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perimental error. For each perester, the rate constants 
calculated for the various times t, were averaged and re- 
ported. The detailed kinetic data for each of the per- 
esters studied are contained in Tables 16 to 22. Dupli- 
cate experiments were carried out and the values obtained 
were the same, within experimental error as those listed 
in the Tables. 

The enthalpy of activation (AHT) could be obtained 


by calculation from the following equation: 


ps 1 
k T T; ‘ies 

log = log cee aut piss ae x Var 
ky Ty 2.058 & 


The entropy of activation (Ast), was then obtained by 


+ 


substituting this value of AH' and the values of k and T 


for any rate constant into the expression 


i ey are 
oh Beer 
h 


i 


where k is the specific first-order rate constant at 
temperature T, k' is the Boltzmann constant, h is 
Planck's constant and R is the gas constant. The acti- 
vation parameters, thus calculated for the various 


peresters, are summarized in Table 4. 
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Decomposition of tert-Butyl 2,2-dimethylperpropionate in 


Temp Initial 
a concn,M 
55 0.04 
65 0.04 
a fhe. 0.04 


Cyclohexane 


Time 


min. 


60 


90 


54 


78 


Decomposition 


Rate constant 


kx 160! sec 


sal 


iL. 03 && 0.02 
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TABLE 17 


Decomposition of tert-Butyl 2,2-dimethylperpentanoate in 


Cyclohexane 
Temp Initial Time Decomposition Rate constant 
_°C contn,M_= min. % k x 108; sec | 
0 0 — 
210 18.80 1.66 
330 27.80 Io 
a5 0.04 492 37.80 1.60 L200 Pte 0.0) 
660 48.10 1.66 
840 56.60 1.66 
0 0 = 
60 21.00 6.56 
65 0.04 90 28.50 Giere 2 ary Sil Eas oO ee 
120 35.280 6.16 
180 49.50 6.33 
240 59.60 6.29 
0 0 oe 
18 21.40 2270 
ths, 0.04 36 37200 2128 2202 ts Oe > 
54 eB eNe) Lone 


78 64.70 PP ape 


t9.0 aut 


TABLE 18 


ize 


Decomposition of tert-Butyl 3-chloro-2,2-dimethylperpro- 


pionate in Cyclohexane with 0.04 M Iodine 


Temp Initial Time Decomposition Rate constant 
2¢ concn,M min. % k x Toe eseo 
0 0 —- 
780 14.70 0.340 
55 0.04 1680 20.40 0.364 0.355 4+ 0.012 
2520 40.80 0.347 
3800 55.00 0.369 
0) 0 oe 
240 19260 iraS2 
420 30.70 1.46 
65 0.04 600 40.50 1.44 1.48. 90+ 0:04 
780 49.20 1.45 
1020 59.80 1.49 
1380 Ti. 50 is 52 
0 0 ——_ 
60 T8n30 562 
75 0.04 120 oe — 5.65 + 0.07 
180 45.20 DOU 
240 56.30 oun 
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TABLE 19 


Fe is 


Decomposition of tert-Butyl 3-bromo-2,2-dimethylperpro- 


pionate in Cyclohexane with 0.04 M Iodine 


Temp Initial ‘Time Decomposition Rate constant 
se concn,M min. % Kee Nieyacree 
0 0 
330 Ow 3.0 1.00 
630 30.40 0.959 
900 40520 ON 9 ae 
55 0.04 0.972*+ 0.017 
1260 52220 0.976 
1680 61.60 0.950 
0 0 —— 
120 23.80 3a1f 
180 32610 39 
65 0.04 270 43.60 35471535 50s Oo 
360 53.60 4,55 
480 63.70 B52 
840 82.70 3.48 
0 0 ———— 
18 11.90 LL7-0 
Lo 0.04 L2.38c0 0 
36 26.80 12.90 


54 32.80 12.30 
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TABLE 20 


Decomposition of tert-Butyl 3-iodo-2,2-dimethylperpropion- 


ate in Cyclohexane with 0.04 M Iodine 


Tempi. Initial Time Decomposition Rate constant 
SC concn ,M min. % K-xX 102) Secu 
0 0 eeeees 
138 34.50 2295 
202 36.74 Zale 
52 0.04 270 40.58 2287 L2ES1e+20607 
341 43.80 2.93 
438 48.80 2n08 
516 S240 2.98 
0 0 ae 
10 30.50 36.0 
20 37500 38.4 
1s 0.04 30 43.30 S769 31001 O57 3 
40 48.90 37.0 
50 55.00 3/28 
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TABLE 21 


Decomposition of tert-Butyl 2,2-dimethy1l-3-phenylthioper- 


propionate in Cyclohexane at 55° 


: Initial Time Decomposition Rate constant 
TELal 5 a 
concn ,M min. % k x 10°:,sec 
0 0 ar 
93 40.35 i203 
225 44.08 1.60 
. 348 47.03 1.56 
a 0.04 1.63°+ 0.04 
- 483 51.00 L262 
602 54.05 1.69 
139 p66. 05 1267 
0 0 ——— 
90 34.03 Lew) 
194 37.24 1.68 
301 40.25 bal Se) 
2 0.04 1-61 7+ 0205 
405 42.70 toe 
505 44.30 Mop | 
581 473 lL 62 


2 todine was added (0.04 mol/l). 
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TABLE 22 


Decomposition of tert-Butyl 2,2-dimethyl-3-phenylthioper- 


propionate in Cyclohexane, at 75° with 0.04 M Iodine 


: Initial Time Decomposition Rate constant 
Asan Wo Wh 5 uh 
concn ,M M21. % k x 10°,sec 
0 0 — 
8 28.20 19.64 
16 30.98 LS G1. 
at 0.04 24 Ba202 19330) “41924330245 
32 S552 18.19 
40 39.48 20.04 
48 41.93 19278 
0 0 cs maa 
8 21.28 205.03 
16 367.02 19.63 
2 0.04 19376 +°0-04 
24 40.38 bo 3 
oz 44.92 £9 338 
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Product Studies on the Thermal Decomposition of tert- 


Butyl 2,2-dimethyl-3-phenylthioperpropionate (22) 


A total of 0.475 g (0.00169 mole) of the 8-phenyl- 
thio perester, 22, was accurately weighed into-a50 mi 
two-necked round-bottomed flask, which was fitted with 
a break-seal. To the perester was added 40 ml of a 
cyclohexane with added iodine (0.04 M) solution. The 
solution was degassed and sealed. The flask was then 
immersed in a constant temperature oil bath (75°) for 
10 hours (10 half-lives). After this reaction period 
the flask containing the products was attached to a 
vacuum line, cooled in liquid nitrogen and opened to 
the line by breaking its break-seal. The volatile gases 
were then allowed to equilibrate into three traps, the 
first two cooled to -122° with a pentane/ligquid nitrogen 
slurry, and the third cooled with liquid nitrogen. 
After 15 minutes, the liquid nitrogen trap containing 
carbon dioxide was isolated from the other traps. The 
trap was then warmed to room temperature and the volume 
of carbon dioxide measured by means of a Toepler pump. 
The measured carbon dioxide was frozen into a Pyrex 
tube containing a break-seal. The tube was degassed 
and sealed and submitted for mass spectral analysis. 
The cracking pattern, MS-9 spectrometer, confirmed that 
the gas collected was pure carbon dioxide (0.00160 mole, 


95% of the theoretically calculated amount). 
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The perester, tert-butyl 2,2-dimethy1l-3-phenyl- 
thioperpropionate, was decomposed in cyclohexane, with- 
out iodine to observe the effect of induced decomposition 
with added iodine. The carbon dioxide isolated was 93% 
of the theoretically calculated amount. 

The gas formed during the decomposition of the 
peresters was analyzed at 0° by gas chromatography by 
passing it through a glass column (poly-pack-1l, 4' x 
1/4") affixed to the vacuum apparatus. Control experi- 
ments with authentic gases showed that methane, ethane, 
carbon dioxide and isobutylene could be separated under 
these conditions. The gas collected by the method des- 
cribed above, was shown to be pure carbon dioxide. 

This method for determining the amount of carbon 
dioxide given off in the perester decomposition was 
used for all peresters studied. In each case the amount 
of carbon dioxide was greater than 93%. The results of 
these measurements are listed in Table 23. 

After the removal of carbon dioxide from the re- 
action mixture the reaction flask was cooled in liquid 
nitrogen and was evacuated and sealed. The flask was 
then cooled in liquid nitrogen, opened, a known amount 
of benzene was added as internal standard for glpc 
analysis, and the open neck was immediately covered 
with a serum stopper. Aliquots of the solution were 


withdrawn and analyzed by glpc (FFAP, 72°). The pro- 
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TABLE 23 


Measurement of Carbon Dioxide in the Decomposition of tert- 


Butyl 3-Substituted 2,2-Dimethylperpropionates ine 

Perester Mmoles Mmoles Carbon Dioxide 

52 ure pelagic er 

sy | Gore 2.00 cyclohexane 1.95 0.98 

18 (30) 2=.00 cyclohexane L.97 709 

Lo, (30) 2.00 chlorobenzene 2.0097 ¢ lS 

20 0.35 cyclohexane Us o9 O99 

21 1.95 cyclohexane L.ioU Cir 

Ze 1.69 cyclohexane 1.61 Uegeks) 

224 (8 as 6 cyclohexane Ore O25 

@ The starting perester concentration was generally 0.04 
moles/liter. 

2 The decompositions were carried out with 0.04 molar 
iodine added except where otherwise indicated. 

© The peresters were generally decomposed to greater than 
10 half-lives. 

d 


No iodine was added. 
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ducts found under these conditions were; isobutylene 
(84%) and tert-butyl alcohol (90%). Subsequently the 
solvent and volatile components were evaporated under 
high vacuum and the solution concentrated to a constant 
weight. A weighed amount of dibenzyl was added as in- 
ternal standard, the entire mixture dissolved in a small 
volume of ether, and the products of the non-volatile 
residue were analyzed by glpc employing a 5° x 1/4" 
SE-30 column at 172°. The products found under these 
conditions were: g-methylallylphenylsulfide (15%), 
cyclohexylphenylsulfide (47%) and diphenyldisulfide 
(14%). The volatile products were identified by mass 
spectroscopy, retention time (compared to authentic 
samples), and by comparison of their infrared spectra 
with those of authentic samples. The products from 

the acid radical of the perester, high boiling liquids 
or solids, were identified by retention times in glpc, 
Mass spectroscopy, mixture melting point and comparison 
of their infrared spectra with those of authentic 


compounds. 
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One of the more usual methods of converting alcohols 
to alkyl chlorides is their treatment with thionyl chloride, 


socl.. 


ROWS) 5O0C ls RC? t+ HCle + 50 


2 2 


The practical appeal of this reagent is that the two inor- 
ganic by-products sulfur dioxide and hydrogen chloride, are 
gases, and thus can be removed readily from the reaction 
mixture. 

The reaction of thionyl chloride does not proceed 
readily with some primary or bridgehead alcohols. Whitmore 
and Rothrock (1) could not obtain a yield greater than 30% 
of n-butyl chloride from the reaction of n-butanol with 
Nediwcionye chloride. ihe Leaction Of neopentyl alcohol 
with thionyl chloride failed to yield any chloride product. 
instead, the starting neopentyl alcohol was reisolated 
quantitatively. Bartlett and Knox (2) found that the re- 
action of apocamphanol-1,(1) with thionyl chloride at re- 
fluxing temperatures did not lead to chloride product, but 
instead, l-apocamphanyl sulfite (2), was isolated in 
quantitative amount. When the sulfite was warmed with 303% 


sodium hydroxide solution it gave back the starting alcohol 
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The reaction of secondary alcohols with thionyl chlor- 
ide is a very facile one and frequently high yields of 
alkyl chloride can be obtained. It has been shown that 
secondary alcohols with thionyl chloride, give the highest 
yield of chloride in the presence of pyridine or dimethyl- 
or diethylaniline (3), or when there is a phenyl group 
attached to the a or 8 carbon of the carbinol (4). Cram 
could obtain a 95% yield of 2-chloro-3-phenyl-2-butane from 
the reaction of 3-phenyl-2-butanol with neat thionyl 
Chlgride (5). 

Tertiary alcohols also can lead to chlorides in high 
yield. McKenzie and Clough (6) isolated an 83% yield of tert- 
amyl chloride from the reaction of tert-amyl aicohol with 
neat thionyl chloride. In 1932, Allen and Spanagel (7) 
reported a 66% yield of the chloride, 4, from the reaction 


of anhydracetone benzil (3) with thionyl chloride. 
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Frequently, however, the reaction of secondary and 
tertiary alcohols with thionyl chloride is complicated by 
the formation of a considerable amount of olefin product. 
Thus, the yield of olefin from the reaction of 2-butanol 
with thionyl chloride in dioxane is 60%, and cyclohexene 
can be produced in over 80% yield from the reaction of 
cyclohexanol with neat thionyl chloride (8c). 

The mechanism of the reaction of alcohols with thi- 
onyl chloride has been extensively investigated. These 
mechanistic studies have largely involved the examination 
of the stereochemistry of the chlorides formed from the 
reaction of optically active secondary alcohols. 

The reaction was postulated by Hughes, Ingold and co- 
workers (4), to proceed through an intermediate alkyl 
chtorosultice (5): 

O 
R-Of + socl, ac pte 
Alkyl chlorosulfite 


5 


In some cases this ester has been isolated. The first 
evidence for the formation of chlorosulfite intermediates 
was cited by McKenzie and Clough (6) in 1913. They suc- 
cessfully isolated the chlorosulfite of tert-amyl alcohol, 


6, in excellent yield. 
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CH 1O3 | 


a SOcl, : 
CH,~C-CH.CH, > CH,~C-CH,CH, (903%) 
H osocl 
6 
tert-amyl alcohol tert-amyl chlorosulfite 


Since then numerous chlorosulfites, which can be 
liquids or solids, have been isolated (8-11). When these 
chlorosulfites are heated they decompose to the correspond- 


ing alkyl chloride and sulfur dioxide. 


ROSOC1 — rr RC] + SO. 


A considerable number of cases have been cited in 
which the reaction of alcohol with thionyl chloride did 
not yield alkyl chlorosulfite; instead a dialkyl sul- 
fite was formed. Carré and Libermann(12) carried out 
the reaction of cyclohexanol with neat thionyl chloride at 
0° and obtained a mixture of cyclohexene, cyclohexylchloro- 
sulfite and a 34% yield of va Liquid boiling at 182°/719 mm 


which was identified as dicyclohexyl sulfite (7). 


O 


t 
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OH O e) (343) 
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Gerrard (9) found that the slow addition of 1 mole of 
thionyl chloride to a mixture of 1 mole n-amyl alcohol, 
and 1 mole pyridine at 0°, gave an excellent yield (83%) 
of a liguid (bp 173°/20 mm) which was identified as n-amyl 
sulfite (8). 

Socl 


CH,-CH,~CH —CH-Che-On A Es 


: 4 2 Pyridine, 0° 
O 
4 
(CH,-CH.-CH.-CH.-CH.-O-) 2 S 


& 


By a similar procedure, Gerrard carried out the preparation 
Ofedi-n-buty! sullite in 87s yield) from n-butyl alcohol: 
Further, it was found that when the reaction mixture from 
Iymolevofvalconol,=l mole of thionyl chloride ands ilimole 

of pyridine was heated for three hours, the initially formed 
dialkyl sulfite reacted further with the residual thionyl 
chloride to form the corresponding chlorosulfite (ROSOC1), 
which was then catalytically decomposed by the pyridine 


hydrochloride to alkyl chloride and sulfur dioxide. 


R=-OH=+ socl. ‘O —_—} (R-0O) 278 
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This was verified by warming the appropriate chlorosulfite 
with a small quantity of pyridine hydrochloride and ob- 
taining practically theoretical yields of the chloride, 

RCl and sulfur dioxide at temperatures far below those 
required to decompose the chlorosulfites themselves. Thus, 
the facile decomposition of the alkyl chlorosulfite was 
attributed to the presence of the chloride anion. 

Gerrard (9) formulated the reaction of a dialkyl sul- 

fite with thionyl chloride as being a direct metathetical 
process occurring between one molecule of dialkyl sulfite 


and one of thionyl chloride. 


R 


s — > 0 + SOCl, —>> —?> 0 ——} 2ROSOCL 


O O 
SS N 
; Va 
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RO RC 


Bartlett (10) undertook to study the kinetics of the reac- 
tion between di-n-butyl sulfite and thionyl chloride to 
yield n-butyl chlorosulfite, in order to determine the 
validity of the mechanism formulated by Gerrard. It was 
found that the reaction was not a simple second order meta- 
thesis between the two reactants. When the two reactants 
were present in equal concentrations, the rate was propor- 


tional to the concentration of one reactant, and the 
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kinetics were simply first-order. When the reactants were 
present in inequal concentrations, the reaction was roughly 
first-order with respect to dibutyl sulfite and not even 
approximately so with respect to thionyl chloride. The 
reaction was powerfully catalyzed by chloride ion, but not 
by hydrogen chloride. The results obtained were consistent 


Witheam 1OnLe Chain reaction Involving steps (1) and (2). 


k 


Bu,SO, + Clbine 2) Ss epn0sccl, + Bu0s ab) 
Socl. + BuO ——$§@—}» BuO0SOC]l + Cl (2) 


When a mechanism involving the formation of a chloro- 
sulfite as an intermediate had been established, it then 
became necessary to establish the manner in which this 
intermediate decomposes to give alkyl chlorides. Three 
possible routes for the thermal decomposition of the chloro- 


sulfite were proposed by Hughes, Ingold and co-workers (4). 


\ A 4 7? 
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(inversion) 
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The study of the stereochemistry of the alkyl chlor- 
ides formed from the reaction of optically active alco- 
hols with thionyl chloride sheds a great deal of light upon 
the mechanism of the decomposition of the intermediate 
alkyl chlorosulfite. Kenyon and Phillips (13) demonstrated 
the effect of pyridine on the steric course of the reaction. 
When ethyl mandelate was allowed to react with neat thionyl 
chloride, the resultant chloride formed with 100% retention 
of configuration (equation (1), Scheme 1). However, when 
the same reaction was carried out with an added equivalent 
of pyridine, complete inversion of configuration resulted 


(equation (2) and (3), Scheme 1). 


n<GaS Fes 
Oe SOUT cee Ee ae ee ee (a5) 
CO,Et CO,Et 
(retention) 
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Spon + socl, + (0) nee ay Osocl + (0) Cie 
N 
(2) 
CO,Et | COjEt ff + 
H 
ya (Y oes 
Glieet eee==6s0-c ee ie EES OVE cis 
(3) 
CO,Et CO,Et 
(inversion) 


SCHEME 1 
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Hughes and Ingold (4) postulated that the pyridine can 
transform the hydrogen chloride, formed during the reaction 
of the alcohol with thionyl chloride, into the pyridinium 


ed 


hydrochloride salt (C,H NHC1), whose chloride ions may 


5 
attack the chlorosulfite by an Sy? process as illustrated 
in Scheme 1. Stevens and Grummitt (14) also proposed the 
Sy? Mechanism to explain the isolation of trans-1,2-di- 


chlorocyclohexane from the reaction of cis-2-chlorocyclo- 


hexanol with thionyl chloride and added pyridine: 


Serer (inversion) 
The stereochemical result was attributed to a catalysis of 
the decomposition of the alkyl chlorosulfite by chloride 
anion arising from the pyridine hydrochloride. 

Lewis and Boozer (8b) showed that dilute solutions 
of pyridine hydrochloride in dioxane gave, from optically 
active sec-butyl chlorosulfite, extensively inverted sec- 
DULY! ChioOride, although COnriguration 1s retained ine che 
absence of this salt. Lewis and Boozer (8d) studied the 
kinetics of the decomposition of iso-propyl chlorosulfite 
in dioxane with added tertiary amines or their hydrochlo- 


rides. They showed that the reaction follows a first- 
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order course, with the apparent first-order rate constants 
increasing linearly with the concentration of the catalyst. 
Both the stereochemical outcome of this base catalyzed re- 
action, and the kinetics are consistent with a bimolecular 
displacement of the Sx? type between chloride ion and the 
chlorosulfite. 

Hughes, Ingold and co-workers (4), suggested that the 
decomposition of alkyl chlorosulfite by the Sxt mechanism 


can proceed via the route depicted in Scheme 2. 
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really free, or if it is solvated symmetrically on both sides, 
the chloride ion may attack from either side with equal 
facility and an inactive racemic mixture results. Hughes 
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by stabilization of the incipient carbonium ion. 
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Cram (5) found that racemization increased consider- 
ably when the reaction of optically active 3-phenyl-2-but- 
anol with thionyl chloride was carried out in a strongly 
ionizing solvent such as formic acid. The reaction of the 
above alcohol with neat thionyl chloride gave an alkyl 
chloride product with almost complete retention of con- 
figuration. However, the reaction of the same alcohol 
with thionyl chloride in formic acid resulted in totally 
racemized product. Similarly, Lewis and Boozer (8b) 
observed that in solvents with fairly high dielectric con- 
stants (dioxolane, ethylene chloride), the mechanism of 
the decomposition of the secondary alkyl chlorosulfites 
(2-butyl, 2-pentyl and 2-octyl) which led to racemic pro- 
duct was the one which dominated. 

The decomposition of an alkyl chlorosulfite which 
leads to alkyl chloride with inversion of configuration 
can be rationalized on the basis of the S,2 méeéchanisn;, op 1 
May come about from an ion-pair where the front side is 
protected by the gegen ion. Decomposition leading to 


racemization was explained on the basis of the Sx mech- 
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anism. However, a somewhat different reaction path, term- 
ed by Hughes, Ingold and coworkers, the Si mechanism 
(substitution, nucleophilic internal) was proposed to be 
necessary to explain retention of the chloride product. 
They proposed that formation of alkyl chloride product with 
retention of configuration results from an internal dis- 
placement with chlorine of the chlorosulfite acting as the 
nucleophile. Thus, the decomposition of the alkyl chloro- 


sulfite via the S.,i mechanism, according to Hughes and 


N 
Ingold,is a one-step process, which involves the simultan- 
eous loss of sulfur dioxide and the formation of a carbon- 


chlorine bond at the point where the oxygen had previously 


been attached by way of a cyclic transition state: 


R-O-5-Cl —_—_P FV 
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IN Se SH 
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Cl 


This originally proposed mechanism required extensive 
modification, since it was subsequently demonstrated (5, 
8,11,15) that the decomposition of alkyl chlorosulfites 
leading to retention of configuration involved inter- 
mediates which exhibited considerable ionic character. 
Lewis and Boozer (8a) studied the kinetics of the thermal 
decomposition of 2-butyl, 2-pentyl and 2-octyl chlorosul- 
fites in dioxane and isooctane. “In dioxane the reaction 


was found to be first-order and the chloride had the same 


mais Lmaskenk en son: nitoses aoisenupltiags 30 aokdastey 
ot? an ptites efMupnaciio af I sadwolite idiw 3 
~exolite typits ort to not fanynncab ai surat? vettsqoetsan. 
ee eee eiebapdoat 18 ed? wiv oft low 
~aoslomia od eevoves- diet aasvo1g gegn~eno = Bf biopet 
andes 2 HoRISMIOT wit bas ebixotd sutfua to sack anos? 
ylatiaivesg tad repyxo ols etary $nkoy ada 3s brod: onitoldo 
:etede notssane x eke ge & Re yaw yd hadossys need 


mS) 
4 + af ee Wg Mm Whit a 


aoe . 
No 7 a 


a 7 4 a = ~ 

av bemedxs bestuapes maidailanw foeogotg yilisaipizo aha 

.a) doteutenomeh yignevpéeadue 2ew 2i aonte swoideotttboit 

ees tbtubarcide twits to mobslengtoaeb ond, ands (BL, L558 
~taink beviove  coisaxoeidnas. to att ao 

ag, ~ wBeteuid> sducot sidexebiaons bedidiixe dota 
: i pte iy unten Fn Spanner a aa 


Oi s 


configuration as the alcohol from which it was derived. 
The decomposition in isooctane was much slower but the 
reaction was still apparently first-order. The chloride 
had the opposite configuration from the alcohol. Lewis 
and Boozer proposed that if the reaction did proceed by 
the classical Sxl mechanism, then the reduction in rate 

On changing to a less polar solvent implies that the 
transition state has a higher dipole moment than the nor- 
Mal chlorosuliwce, and contributions#tosthe transition 
stece trom Structures 10 and Pl as well as 9 and 12)should 


be considered: 


Cram (5) pointed out that the mechanism for producing 
chloride with retention is closely related to the Sx 
mechanism, since the mechanism leading to retention of 
configuration best competes with other reaction paths when 
a relatively stable carbonium ion can be formed and that 
the reaction proceeds more rapidly in better ion-solvating 
medta. es shurther, Cram, in tne Study Of the reaction soles— 
phenyl-2-butanol with thionyl chloride, makes the plausible 
postulate that the reaction begins like a typical Sy re- 


action, with the formation of an ion-pair. However, in 
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the case of a chlorosulfite the anion formed is so,cl 
which may rapidly decompose to sulfur dioxide and a chlor- 
ide ion. Recombination of the ion-pair then gives the 


chloride with the same configuration as the original 


alcohol (Scheme oH 
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SCHEME 3 


Thus, Cram demonstrated that for the reaction of thionyl 
chloride with 3-phenyl-2-butanol the classical Sui re- 
action proceeds by a multi-stage mechanism in which open 
ion-pairs intervene as discrete intermediates between the 
Starcindsa|conol sand the chiorlde product... sine deconpo— 
sition of chlorosulfite via the process illustrated by 
Scheme 3, which leads to retention of configuration, should 


be promoted by the strongly ionizing character of dioxane, 


the solvent employed in Cram's study. 
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Lewis and Boozer (8b) carried out a study of the re- 
action of alcohols with thionyl chloride to demonstrate 
further the strong influence of solvent upon the stereo- 
chemical course of the reaction. Until their investigation, 
no Ghlorosulfites had been prepared of any of the alcohols 
which gave retention of configuration of the products upon 
reaction with thionyl chloride (8a). The decompositions 
of the active chlorosulfites of 2-butyl, 2-pentyl, and 2- 
octyl alcohols were studied in various solvents. It was 
found that in dioxane there was complete retention and in 
toluene complete inversion. Tetrahydrofuran, dioxolane, 
ethylene chloride, and ethylene bromide gave in this order 
decreasing degrees of retention of configuration. For 
the reaction leading to retention of configuration the 
following three-step process was suggested. The first 
step is ionization of the chlorine-sulfur bond and conse- 


quent weakening of the carbon-oxygen bond. 


* ene 
ee o-8° cl” os 
a 
R-C-CH a es Ce aCt <——> R-C-CH CE) 
| 3 = | 3 l 3 
H H H 


The second step is the solvation of the incipient carbon- 
ium ion by the solvent, in this example dioxane, and loss 


of sulfur dioxide. 
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cr 2) 


Lewis and Boozer postulated that these carbonium ions, in 


Many respects carbonium ions -“solvated" with sulfur diox- 


ide or with dioxane, do not necessarily result in race- 


mization because the solvation can maintain the asymmetry 


which was initially present in the chlorosulfite. 


The final step of the mechanism is the carbonium-ion- 


pair collapse to yield the alkyl halide. 
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-~C-CH 
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It is plausible 
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to postulate in the above mechanism that the chlorine be- 
comes attached to the carbon on the same side from which 
sulfur dioxide has here onythensidesopposite +toyethatedt 
which the dioxane molecule had been associated. This 
then serves to rationalize the retention of configuration 
in the reaction performed in dioxane as solvent. 
Accordingly, Lewis and Boozer proposed that in tol- 
uene a different mechanism mee be operative. The rever- 
sible reaction in the first step (1) can, however, still 
occur in toluene. The second step of the above mechanism 
for dioxane cannot take place in toluene since toluene 
is neither nucleophilic nor a good solvating agent for 
carbonium ions. Thus, the loss of sulfur dioxide from 
the carbonium ion cannot take place and attack of the 
chloride ion on that side opposite to the sulfur dioxide 
takes place. A slower ionization reaction may explain 
the retardation of the second step in the reaction in 
toluene. The reaction analogous to an Sx reaction, 


~ 


could now take place to yield the inverted chloride. 


R R 
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The evidence presented thus far has provided sup- 


POLEELOD thewiOnLc Nature of the transition state jinetie 


decomposition of alkyl chlorosulfites. Indeed, lon-pairs 
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can be formed as discrete intermediates in the decomposi- 
tion of the chlorosulfites. 

The reaction of thionyl chloride with alcohols, in 
which the generation of cationic centers led to skeletal 
rearrangement, provided good evidence for this hypo- 
thesis (15). The first evidence of skeletal rearrange- 
ment in the reaction of bicyclic alcohols with thionyl 
chloride was provided by Cristol and Tanner (16). The re- 
Saeco or dibenzobi cycle 2.2 2)]ceradien=2=G1e(13)8with 
thionyl chloride in toluene led to the isolation of 49% of 
the skeletally rearranged 4-exo-[3.2.1]chloride, 14. This 
reaction which was used synthetically for the preparation 
of 14, gave inconsistent results, since under similar re- 
action conditions numerous repetitions of the reaction led 
to unrearranged chloride, 15, in quantitative yields (17). 


It was believed that the reaction leading to [2.2.2]chloride 
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occurred by a scheme which did not involve the formation 
of the [2.2.2] cation (18) and the possibility existed 
that its formation could be accounted for by the Sy? dis- 
placement of Cl on the alkyl chlorosulfite, or by the 
postulated Sui reaction. 

The formation of the rearranged chloride, 14, could 
not have occurred if the classical Sui mechanism, as 
proposed by Hughes and Ingold (4), were operating. However, 
the possibility existed that the exo-4—(3. 2.1) ‘chloride, 
14, could have come about by an Syi' reaction. Such a 
reaction was used to explain the rearrangement reaction 
found when 2-buten-1l-ol or 3-buten-2-0l were allowed to 


reacti with?thionyl chioride in/ether ?(19): 


Ether 


>H .. -CH=CH- - ee -CH-CH= 100% 
CH, CH=CH CH, OH + sOcl. CH, es CH CH. 00 
Ci 
Ether 
CH,-CH-CH=CH, + socl. ——- - —_ CH,~CH=CH-CH,-C1 1003 


OH 


This rationalization was attractive since the [3.2.1] 
cation gives exo and endo products. However, in this 
reaction only exo-[3.2.1] chiloride, 14, was reported. 

At the start of the investigation, Stille and 
Sonnenberg (11) demonstrated skeletal rearrangement nie! 
the reaction of bicyclo[2.2.1] heptanols with thionyl 
chloride. Treatment of endo-2-norborneol-2,3,3-d, (16) 
or exo-2-norborneol-2,3,3-d, (17) Pled= to skeletatiy 


transformed chlorides via a 6,2-hydride shift and a Wagner- 
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Meerwein rearrangement. This is illustrated in Scheme 4. 
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SCHEME 4 


The yields of the products arising from the reaction of 
the two bicyclo[2.2.lJheptanols, 16 and 17, under 
various reaction conditions, are summarized in Table l. 
It can be deduced from the results of Stille and 
Sonnenberg, that the reaction of alcohol with thionyl 
chloride involves cationic intermediates. They observed 
skeletal rearrangement even under those reaction condi- 
tions which have been postulated to be most favorable 


for the Sx reaction, namely dioxane (5,8a). Another 
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interesting feature which evolves from their study is the 
observation that skeletal rearrangement occurred when the 
reaction of alcohol with thionyl chloride was carried out 
in pyridine as a solvent or catalyst. These are the re- 
action conditions which have been postulated to be most 
favorable for the Sy2 mechanism (3,4,8a). On the basis 

of their results, Stille and Sonnenberg rule out the pos- 
Petey of the classical Syi and Sx mechanism. However, 
the investigation does not shed a great deal of light upon 
the nature of the stereochemical course of the reaction of 
alcohols with thionyl chloride, or the solvent dependency 
of this stereochemistry, since the cationic intermediates 
which are formed here, can undergo hydride shifts or may 
lead to non-classical carbonium ions. Thus, a great deal 
of knowledge about the stereochemical course of the re- 
action is lost, due to these complications. In addition, 
the usefulness of the information about the mechanism 
derivable from this investigation, is diminished in view 
of the low yields of chloride product obtained (See Table 
1). 

Distinctive cationic intermediates produced by solvoly- 
sis of dibenzobicyclo[2.2.2]octadienyl substrates, 20 in- 
variably led to rearranged exo-and endo-[3.2.1] products, 
18, and 19, through kinetic control, and any attempt to 
generate the [2.2.2] cation under kinetic conditions 


leads to [3.2.1] product. The [3.2.1] ring system could 
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be converted back to the [2.2.2] ring system under thermo- 
dynamic conditions, where it was shown that the usual 
order of thermodynamic stability is [3.2.1] exo C-2 der- 


Avatave, L870 < [3.2.1 )) endo C-2iderivative, 19,00 bene.e) 


derivative,-20, (18d). 


The solvolysis rearrangement reactions demonstrated 
that the stereochemical outcome corresponded to migration 
orethetbondsantintolthePleaving group.) Thus; Gfromethe sub- 
stituted dibenzobicyclo [2.2.2] octadienyl substrate ion- 
ization of the C-X bond is accompanied by anti bond 


migration to yield a stable benzylic cation: 
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Under equilibrium conditions, the reverse reaction can 


occur to yield the product of thermodynamic control: 


The advantage of employing this system in the study 
of the decomposition of alkyl chlorosulfite is that the 
yield of chloride product is quantitative; no olefin by- 
product is formed, since if the [2.2.2] cation is not 
present an elimination reaction to yield olefin is not 
possible. For the dibenzobicyclo[2.2.2] and [3.2.1] 
octadienyl system, skeletal transformations have been 
shown to be stereospecific, and the stereochemistry of 


the reactants and products are known (18d,f,g,20). 
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Preparation of Starting Dibenzobicyclic Alcohols 


The starting alcohols used in this study were pre- 
pared in the following ways as outlined. Dibenzobicyclo- 
[2.2.2]octadien-2-0l, 13, was synthesized by a Diels- 
Alder reaction of anthracene and vinyl acetate, and 
the resultant adduct was subsequently reduced with 


lithium aluminum hydride: 


Vinyl . 


acetate 
LiAlH, 
¢ OH ether 
O 13 | 


Dibenzobicyclo[2.3.1l]octadien-exo- and endo-2-ol 
29 and 30, were synthesized in the following manner: 
dibenzobicyclo[2.2.2]octatriene (22) was allowed to 
react with iodine and either silver acetate or silver 
Pivalate in benzene, to yield a 75/25 mixture of syn- 
8-iododibenzobicyclo[3.2.l]octadien-exo- and endo-2-ol 
acetate (23 and 24), ora 60/40 mixture of syn-8-iodo- 
dibenzobicyclo[3.2.1]octadien-exo- and endo-2-ol 


pivalate (25 and 26). The exo and endo isomers were 
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separated by column chromatography. Silver pivalate was 
preferentially employed in the Prevost reaction since 
the larger tert-butyl group resulted in a higher ratio 
of endo product. Hydrogenolysis of 25 and 20) led ito 
dibenzobicyclo[3.2.1]octadien-exo- and endo-2-o0l piva- 
late (27 and 28). A lithium aluminum hydride reduction 
of 27 and 28 gave the desired alcohols, dibenzobicyclo- 
[3.2.l]octadien-exo- and endo-2-ol (29 and 30). 

» Cus-3-Deuteriodibenzobicyclo[2. 2.2loctadien-2-01 
(31), was synthesized by means of the deuterioboration 
with trideuterioborane of dibenzobicyclo[2.2.2]octa- 
triene (22),4tollowed by oxidation with hydrogen per— 


oxide/sodium hydroxide. 
D 


1 BD i THF . z 
. in j 
cesar (@)S38 A) 
PES H,0./OH , 
Syib 


The stereochemistry of the alcohol and the extent of 
deuteration (>90%), was established by comparing the 
nmr spectrum of the deuterated alcohol with that of 


authentic undeuterated alcohol. 


Attempted Preparation of Chlorosulfite Intermediates in 


the Reaction of Dibenzobicyclic Alcohols with Thionyl 
Chloride. 


In an attempt to prepare the chlorosulfite of 
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dibenzobicyclo[2.2.2]octadien-2-o0l (13), the alcohol was 

allowed to react with thionyl chloride under various re- 

action conditions. The reactions did not yield a chloro- 
sulfite, but gave instead bis-dibenzobicyclo[2.2.2]octa- 

dien-2-yl sulfite (32), in good yield under the following 
reaction conditions: 

(ay Dioxane, ~0=25° ,” 4 “hours, "100% 

(Oy loOlueney 0-255 2 *nours .* see 


(c) Toluene, equimolar amount of pyridine, 0-25°, 2 hours, 


O 
A 
/\ S 
mon ‘\ socl. 
: SS solvent 7 


2 hours 


63% 


Under similar reaction conditions, the reaction of the 
[2-2.2) alcohol, 13, with excess thionyl chloride in 
diethyl ether led to 38% dialkyl sulfite, 32, 46% of exo- 
4-Cniorodibenzobileyelo[3.2.1l]octadiene (14) and 15%) of 
endo-4-chlorodibenzobicyclo[3.2.l]octadiene (33). 
Similarly, when the [2.2.2] alcohol, 13, was allowed to 
react with neat thionyl chloride, under the same reaction 
conditions, only 11% yield of the dialkyl sulfite, 32, 


was realized, the major products being [3.2.1] chloride; 
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84% of exo-[3.2.1] chloride, 14, formed, and 5% of endo- 
[2 ehloride;.33- 

An attempted synthesis of chlorosulfite or dialkyl 
sulfitemizvomethe reaction otmexo-1[392.71) alcohol,, 29, 
with thionyl chloride in toluene under the reaction con- 
ditions described above was unsuccessful; only chloride 
product was formed under these reaction conditions. In 
dvoxane #tne meaction of ex0-|[3. 2.1] salconol, -29,. with 
thionyl chloride at 0-25°, for 2 hours, gave rise to 
21% of exo-4-chlorodibenzobicyclo[3.2.l]Joctadiene (14), 
6% of endo-4-chlorodibenzobicyclo[3.2.l]octadiene (33) 
and 73% of the unreacted alcohol, dibenzobicyclo[3.2.1]- 
octadien-exo-2-o0l (29). When the same alcohol was 
allowed to react with thionyl chloride in diethyl ether 
under similar reaction conditions, only chloride product 
was obtained: exo-[3.2.1] chloride, 14, 89% and endo- 
scl Crloride,; 3o37,. 11%. 

A lithium aluminum hydride reduction.of bis-dibenzo- 
bicyclic) 2.1 .2)octadien-2-—vl sulfiten(32)is.ledstoua 
quantitative amount of dibenzobicyclo[2.2.2]octadien-2- 
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Similarly, an attempted column chromatography purification 
(Woelm neutral alumina, chloroform) resulted in the 
hydrolystseor thetsulfite tothe {25202 “alcohol, *13- 

The dialkyl sulfite, 32, was stable to heating in 
refluxing toluene. Furthermore, no decomposition of the 
dialkyl sulfite occurred when it was heated in toluene 
in the presence of hydrogen chloride. However, when the 
dialkyl sulfite, 32, was allowed to stir in neat thionyl 
chloride for 2 hours at 0-25°, a reaction of thionyl 
chloride with the dialkyl sulfite was observed to yield 
a mixture of exo-[3.2.1] chloride, 14, 40%, endo- [3.2.1] 
chloride, 33, 10% and unreacted bis-dibenzobicyclo[2.2.2]- 
octadien-2-yl sulfite (32), 50%. When this reaction mix- 
ture was heated in neat thionyl chloride at refluxing tem- 
peratures for 0.5 hours, it gave-rise to 54% of "exo-[3.2.1] 
enloridepel47 132 of endo- [3.2.1] chloride, 33, anGgoos 


Ofvdiaiky ll sultite, 32. 


Reaction of Dibenzobicyclic Alcohols with Excess Thionyl 


Chloride in Toluene 


The three alcohols, 13, 29, and 30 were allowed 
to react with thionyl chloride in toluene. A mixture 
of an alcohol and thionyl chloride in toluene was 
stirred for 12 hours at 25° and heated at reflux for 
1.5 hours. The volatile compounds were removed by 


distillation, and the residue was analyzed by nmr to 
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BLS 
ascertain the reaction products, and the distribution 
of those products. The error in this method of analy- 
sis was shown to be less than 5%. The [2.2.2] chloride, 
15, could be isolated by column chromatography. However, 
the [3.2.1] chlorides frequently hydrolyzed to the 
corresponding alcohols on the chromatography column. 
Generally, conversion to chloride products was quantit- 
ative. Three chlorides, 7-chlorodibenzobicyclo[2.2.2]- 
octadiene (15), exo-4-chlorodibenzobicyclo[3.2.1] octa- 
diene (14) and endo-4-chlorodibenzobicyclo[3.2.1]octa- 
diene (33), were formed from the reaction of the three 
alcohols, 13, 29 and 30. The major product from each 
Ofgtieyelconols was the [2.2.2] chloride, 15.” The 
exo/endo ratio of the [3.2.1] chlorides which formed in 
the reaction, was 3:1. The results of these reactions 


are summarized in Table 2. 
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116. 
TABLE 2 


Reaction of Dibenzobicyclo[2.2.2] and [3.2.l]octadienyl Alcohols 


with a 10 Molar Excess of Thionyl Chloride, in Toluene 


Product Distribution % *? 


Substrate 


88 + 6 9+4 3 +2 
74 + 6 19 +4 743 
79 +14 15 + 10 6+3 


2 Percentages determined by nmr integration ratios of characteristic 


protons of each chloride 


The percentages stated represent a mean of several runs. 
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Reaction of Dibenzobicyclic Alchols with Excess Thionyl 


Chloride in Dioxane 

The three alcohols, 13, 29 and 30 were allowed 
to react with thionyl chloride in dioxane. The pro- 
cedure for these reactions was essentially the same as 


that for the reaction in toluene. Conversion of alcohol 
to chloride was nearly quantitative, and the reaction 
mixture was analyzed in the same manner as the mixture 
of the products from the reactions carried out in tolu- 
ene. The chloride product distribution changed con- 
siderably Imadioxane,, giving exo- and endo-[3.2-1) 
chlorides, 14 and 33, as the major products. For the 
reaction of both exo- and endo-[3.2:1] alcohols, 29 and 
S07 eWwithathionyl chloride under, these: reaction condi— 
tions, no detectable amount of [2.2.2] chloride was 
observed. However, for all the reactions carried out 
Wath alcohol, 13, some (2.2.2) chloride was formed) jin 
the case of the [2.2.2] alcohol, 13, with thionyl 
chloride in dioxane, the ratio of exo/endo- [3.2.1] 
Chlioridesgwas found to 4.2:1; ‘from exo=(3-2.1] alcohol, 
29, the, ratio was: 321 and from endo-[3.2.1] alcohol, 
30, the ratio was 2:1. The results of the reaction of 


these three alcohols with thionyl chloride in dioxane 


are ouclinea in Table 3. 
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TABLE 3 


Reaction of Dibenzobicyclo[2.2.2] and [3.2.l]loctadienyl 


Alcohols with a 10 Molar Excess of Thionyl Chioride, an 


Dioxane 


Product Distribution’ 3 


Substrate 


Lome Tt: Lobes 
Us al 
= ae 67 33 


ie Percentages determined by nmr integration ratios of char- 


acteristic protons of each chloride. 


The percentages stated for the [2.2.2] alcohol represent 
a mean of multiple runs. 


Duplicate experiments were carried out with the [3.2.1] 
bicyclic alcohols and the product ratios, as determined 
by nmr, were the same within the limits of experimental 
error. 
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Reaction of Dibenzobicyclic Alcohols with Excess Thionyl 


Chloride in Toluene and a Molar Amount of Added Amine 
Base 

It was believed that the difference in the pro- 
duct distribution for the reaction in toluene and dioxane 
may be related to the presence or absence of the hydro- 
gen chloride formed during the reaction of alcohol with 
thionyl chloride. To test this hypothesis, the reaction 
of the three alcohols 13, 29 and 33, with thionyl chlor- 
ide, was carried out with molar amounts of added organic 
amines. Three amine bases were employed for this pur- 
pose: pyridine, Huenig's Base (N,N-diisopropylethylamine) , 
and Proton Sponge (1,8-bis(dimethylamino) naphthalene). 
The latter two bases have been shown to possess extremely 
poor nucleophilic character (21). However, they are ex- 
cellent bases for reaction with hydrogen chloride (21). 
The reactions with molar amounts of added amine were 
carried out in the same manner as the reactions in tolu- 
ene, and the products were analyzed as previously out- 
lined. Under these reaction Eondieode it was found that 
from all of the three alcohols, the [3.2.1] chlorides 
formed exclusively. The ratio of exo/endo-[3.2.1] chlor- 
ide was 4:1 in all cases except for the reaction of endo- 
[3.2.t]-alcohol, 30; with thionylychioride in pyridine, 
for which case the exo/endo ratio was 3:1. The results 


of these reactions are summarized in Table 4. 
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Reaction of Dibenzobicyclic Alcohols with (a) Neat Thionyl 
Chloride with Added Water (0.0024 mole), (b) Neat Thionyl 
Chloride and a Molar Amount of Added Base, and (c) Neat 
mBoLony. —Chloride. 

For the reaction with neat thionyl chloride and 
0.0024 moles of added water, it was found that appre- 
cCiable amounts of .[2.2.2] chloride, 15, had formed from 
all of the three alcohols 13, 29 and 30. The reaction 
of the three alcohols in neat thionyl chloride with 
added amine base, gave exclusively [3.2.1] chloride pro- 
duct. When the alcohols were allowed to react in neat 
thionyl chloride virtually quantitative amounts of 
[3.2.1] chlorides were observed (0-5% [2.2.2] chloride, 
15) .| The-results-of these reactions are summarized in 
Table 5. 

Reaction of Ccis-3-Deuteriodibenzobicyclo[2.2.2)]octa-— 
dtena2-01 (31), with Thionyl Chloride, in’ Toluene, 
Thionyl Chloride in Dioxane and Neat Thionyl Chloride. 
The stereochemistry of the g/[ 22252) -— zlon 241 lare— 
arrangement was investigated by carrying out the re- 
action of cis-3-deuteriodibenzobicyclo[2.2.2]octadien- 
2-01. (31) with thionyl chloride. When the deuterium- 
labelled alcohol was allowed to react with thionyl 
chloride in toluene, the major product was the unre- 


arranged [2.2.2] chloride, 34. Similarly, as was the 


LON : 
ee ee ee ee 


oy: to). : ta : 7 
y he e® A han. . ‘re hk torte» nen ete pn Me 


bas ebiwotdo. Lysoit? toon dtiw moksoee: oi 10T | 
~evaue teat Stee asw 2f sei ts, Sov sate 8 
sort beuset bed yet ,ebtaefdo [6 .f- $] 20 ascvoms 1 
nobdousy a8? Of bike @S EL eledoole sezd+ en? ae 
itiw sbhizolde Lysoits teoa ai afortoots sexit ; 
aqag sbiwelits (14.9,-2] whavieuloxs evep seed sala 
jung ni jonon of Sewolla exow slodedis oft mac 
hy echawames srehsoccrnuy vi Leurtaty sbliolilo 
ehitoids (5.S.5). 68-0) havasedo o2ew —_— aie [18 = 
at hag izemmea: 978 arp tgossy suadd to ‘e2iuesx exit 
2 sidat 


~BaDGLE.S» S)otaquidestadibolzesued~E™eke 
quegto? ab shi=elen Sypostt datw , (rE) bee 
——————tna 


ee 1 eee enema ana 


‘MiaRO LED Ssients 260 Bh snmnatt St nbi20tS SRS sbixol 


iu 


«ga f£.8.£) - ThS.8) sds To yutalmedvos7zege edt 7 
-sx eid t00 peiytas>e yd batagicteeval esw 5 
-netbesso(s .S .Slolsyoidosnedsbobtedueb-t~sio 20 


ie 
2 wwitedveb oft aad .ebipedde, Dyaoids daiw (if). 
ae | ss kynetds daw toses af Bewolis eaw lodools & | 


ent ew an .ylxmtimte GRE vebinetdto (8.6.81 


i ' 
, 
r J : - 


L222. 


02 08 ~ a3uodsg uoj0Ig peppy 

c? 8 -- suTpTAsg peppy 

TT 79 CZ 127eM peppy 

LT €8 seg OPFACTYD TAuCTYL 3e0N 

OT 06 -- a3uodg uoj01g peppy 

ST G8 -— sUuTpTIAg poppy 

Tc €S 92 193eM peppy 

ce 29 Cc SPTAOTYD TAuoTyL Aeon 

ct 18 = eZuodsg uwojo0rIg peppy 

8T c8 == eseg S,3,uenq peppy 

sc 06 = DUTPTIAd Peppy WD 

02 OS O€ A293 EM POPPY HO-b 

CC £2 G SPTACTYD TAuoTYL eeN 
RE Bee a7ez4Ssqns 
uot IIeSy 


cp & UOFINGTAISTG Jonporzg 


Peppy euTuy jo junoWy IelOW 


UI} opTioTyg TxuoTyL pue 


SPFLOTYD TAUCTUL JEON YIFM STOUCOTY [AUSTpeI0O|T cE] pue 


S 


2TON 7200°0. 


aTaVh 


J9IeM PEPPY YITM epTAzoTUD 


Z°Z °C] OTVASDTQGozueqyq jo UuoTIOeSy 


Pe al 


shy kan. ak > fe A: 


- ay 


pa 7 i ea 
Veet a) 


SRFS BOR @ 


» 


£", 


Dh 


ah 
Scone wae 


he 


= 


- 
os 7 


og 


TT 


: 
7 
ee 
a 


er 


123. 


*2OAJI9 [Te UeUTAsdxs Jo SJTWTT ey. UTYITM sues sy 2teMm 
uotzoee1 peAeoT—dnp yore Jo uoz3ngyAIstTp Jonpoad ¥ sy. Jo senTeA ouy °192eM peppe YATM sToOYoOoTe 


[I°z°E€] Pua FO SuOTISeeA BsOY AOZ Adeoxs ‘sunz seodTTdnp jo ueeu e AuUsseided pezeIs seBsequsaoied syL 2 


*apTzoTYyS yoee jo suojoid ofAsTAszoeIeYyD JO softjeA uoTIeAZequyT Awu Aq pouTWAdZ_ep seSequsesjsg & 


ponuy quo. 


-c= _ - - “i 
mn a ites ——- ane tation 
. fone Yo 000 eet on ee “i 0 ae 


ee - 


poaolses ae = ance aS em oe inline ae se hey a belied a i 7 
reewe rd cia ih co eas ae 


Aste elodooks. 
a “ros inpientrecs Yo ttntl oft otAitw one an 


c 


124. 


case for the undeuterated alcohol when the reaction with 
thionyl chloride was carried out in dioxane, the major 
products were rearranged [3.2.1] chlorides. The re- 
Acton Olm the deuterated salcohol, 31, in neat thiony! 
chloride gave exclusively [3.2.1] chloride product. 


As in all other reactions of alcohol with thionyl 
Chloride, the product distributions were determined 

by nmr analysis. Decoupled spectra (see Discussion 

p. 144) of the deuterated chlorides, revealed that for 
the unrearranged chloride the deuterium was placed cis 
tosthe chlorine; Cis-=/-deuteriodibenzobicycio (2-20 2)— 
octadiene (34), was formed as the only [2.2.2] chloride. 
Pm poth the exo- and erdo—-(3-2-1] “chlorides, 35 and 

3G, the deuterium occupied the syn-8-position.” The 


results of these reactions are summarized in Table 6. 
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Examination of the Stability of the Chlorides 14, 15 


and 33 under Various Reaction Conditions. 


It was -necessary to obtain information about 


the stability of the various dibenzobicyclic chlorides 


to the conditions used for the reaction, the isolation 
and the analysis employed in the investigation of the 
reaction of the alcohols used. The stability of the 
[3.2.1] chlorides was examined under those reaction 
conditions which led to unrearranged [2.2.2] chloride, 
Lb5;uasethe major-product;, namely the reaction of alco- 
hol with thionyl chloride in toluene. n-Propyl alcohol 
was allowed to react with thionyl chloride in toluene 
with an added molar amount of an authentic mixture of 
exo— andmwende—-[3..2.1})*chlorides. “he reaction condi— 
tions were the same as those normally employed in the 
reaction of alcohol with thionyl chloride in toluene. 
Nmr analysis and quantitative infrared spectroscopy 
analysis of the reaction mixture revealed that 18-20% 
rearrangement of the [3.2.1] chloride mixture to [2.2.2] 
chloride had occurred. 

In an attempt to reproduce more closely the re- 
action conditions in the reaction of the dibenzobicyclic 
alcohols with thionyl chloride in toluene, it was 
decrdedito test the Stability or the [3.2.1] chlorides 
during the reaction of tert-butyl alcohol with thionyl 


chloride in toluene. However, the results obtained 
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were not consistent. For reactions which were carried 
out according to the procedure for the reaction of the 
dibenzobicyclic alcohols with thionyl chloride in tolu- 
ene, it was found that rearrangement of [3.2.1] chlor- 
ide to [2.2.2] chloride occurred from 15% to 56%. When 
dibenzobicyclo[3.2.1]octadien-exo-2-ol, (29) was allowed 
to react with thionyl chloride in toluene, with a molar 
amount of a mixture of exo- and endo-(3.2.1) chloride, 
under the exact reaction conditions employed in the re- 
action of alcohol with thionyl chloride in toluene, 
the following product distribution was observed: endo- 
Pgee2e0) Chloride,” 337 76%; €x0-[5.,2.41) ChLorwde;, 4, 1os 
and 7-chlorodibenzobicyclo[2.2.2]octadiene (15) 763%. 
The stability of the [3.2.1] chlorides to the re- 
action conditions of the reaction of alcohol with 
thionyl chloride in dioxane was also examined. The 
reaction of tert-butyl alcohol with thionyl chloride 
Pn dioxane and a molar amount of [3.2.1] “chlorides, 
led to quantitative reisolation of unchanged [3.2.1] 
Ghlorides. Similarly, 7-chlorodibenzobicyclol2.222) = 
octadiene was found to be stable to the reaction con- 
ditions sok the reaction of alcohol with thiony/echilor— 
Hoeein- dioxane. Both “(3.22 1] chlorides and [27272] 
chloride were found to be stable to the reaction 


conditions for the reaction of alcohols with neat 


thionyl chloride. 
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Reaction of Dibenzobicyclo[3.2.1]Joctadien-exo-2-ol 
(29), and Dibenzobicyclo[2.2.2]octadien-2-o0l (13) with 


50 Mole Percent Thionyl Chloride in Toluene. 


The stability of the alcohols to the reaction con- 
ditions which led to unrearranged chloride product was 
investigated. Both alcohols, 13 and 29, were allowed 
to react with 50 mole percent of thionyl chloride in 
toluene. In each case the reisolated alcohol was the 
starting alcohol. The nmr spectrum, in carbon tetra- 
chloride, of the crude reaction mixture showed that only 
Ene 9232-2) chloride, 15,, had) formed. ins the reaction 
obstheexo- [3 42.1 ].al coho 4.29.6 Horm the) case ofy the 
[2227 2le alcohol, some [3¢2.1]echloride product: andydi— 


alkyd, sultite,e32, had formed. 
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A study of the reaction of thionyl chloride with 
Various [2.2.2] and [3.2.1] bicyclic. alcohols was carried 
out. Dibenzobicyclo[2.2.2]octadien-2-o0l was synthesized 
according to the method of Alder and Rickert (32), and 
its structure confirmed by both spectral and chemical 
means. The assignment of the stereochemistry of cis—3-— 
deuteriodibenzobicyclo[2.2.2]octadien-2-0l was accomp- 
lished by comparing its nmr spectrum with that of the 
undeuterated analog. The assignment of the structure of 
the [3.2.1] alcohols, 29 and 30 was also accomplished by 


both chemical and spectral means. Alcohols 29 and 30 
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were synthesized by the reduction of 25 and 26. The 
structure of the [3.2.1] ring system and stereochemistry 
at C-2 is known since after the reduction reactions, 
known compounds were isolated. The stereochemistry at 
the 8 position of 25 and 26 was established by comparing 
the mmr spectra of 25 and 26 with those reported for fhe 
corresponding iodoacetates, 23 and 24 (20,22). Tanner re- 
ported the absorption of the anti-8 proton of syn-exo- 
[3.2.lliodo acetate, 23, at t 5.16, andyot-eyn—-endo-— 
[3.2.l]iodoacetate at1T5.01. One coupling constant due 
to the H, and H, protons was reported: -anti-J = 4.4 


8 1 Lees 


Eps ecorm tie exo— (3.2.1 |aodoacetate,. 72 3,,.and anti-J) hes 
Lf 


BeyoeCpsS Or the endo—[3. 2. il10edoacetate, 24.5 On) the 
basis of the "Karplus Plot" (23) these coupling con- 
stants are consistent with the dihedral angles Hy 


anti-He aero has | syn-H. = 75°, tor the 4, 8-dichiore= 


1g 8 
dibenzobicyclo[3.2.l]octadienes, predicted by Tanner 


and Gilman (24). 


X=H or halogen ¥ = H, acetate, pivalate, 
OH 
Dihedral angles: X = halogen, H 
Hy anti-H, = H,, anti-H, = 45° 


Hy S} n-He = Hey Syn-H, = 15° 
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The absorption band for the He proton of the exo-[3.2.1]- 


10d0 pivalate, 25, occurred at 15.29 (J = 5 CDs); 


1,8 


and the absorption band for the H, proton of the endo- 


8 


[3.2.1]iodo pivalate, 26, occurred at 1 5.24 (J, 3 = 
4.8 cps). These observations were consistent with the 


anti assignment of the H, proton of the [3.2.1]iodo 


8 
pivalates, 25 and 26. The other distinguishing feature 
of the nmr spectra of these two compounds is the oit=— 
ferent spectral frequencies of the acetate groups. By 
analogy with the reported spectra for these two com- 
pounds, the stereochemistry of syn-8-iododibenzobi- 
cyclo[3.2.lJoctadien-exo- and endo-2-ol pivalate was 


assigned: exo-H 23 202 Waal = 6.0 cps and endo-H 


2s 1,2 os 


A235 7; i). = 128 “eps: 


1,2 
The reaction of thionyl chloride with alcohols 
consists of two discrete steps, the formation of the 
alkyl chlorosulfite, and its decomposition. The inter- 
mediacy of the chlorosulfite has been widely confirmed, 
since it was first postulated by pioneer workers of the 
reaction of alcohols with thionyl chloride. In some 
cases the reaction of a molecule of alcohol with the 


initially formed alkyl chlorosulfite can occur to yield 


only dialkyl sulfite at an early stage of the reaction: 


ROH + socl , ——» HCl + ROSOCL 


ROH + ROSOC] ——® HCl + (RO) 5SO 
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Subsequently, however, a reaction between dialkyl sul- 
fite and thionyl chloride takes place, eventually pro- 


ducing alkyl ‘chlorosulfite: 
(RO) SO °.5 socl , ee ee OS Gr 


The attempted isolation of an intermediate alkyl chloro- 
SultiCegin gcc reaction of thes 2.2.2) (alconot fe 13, witn 
thionyl chloride in toluene failed; instead, a quantita- 
Live amount Of the dialkyl sulfite, 32, was asolated:. 
This sulfite was observed to be stable to heating in re- 
fluxing toluene, and refluxing toluene with added hydro- 
gen chloride. Thus, chloride product did not come about 
by an acid-catalyzed decomposition of the dialkyl sul- 
fite. However, the sulfite did react with thionyl chlor- 
ide to yield chloride product. 

The various routes to the intermediate chlorosul- 


fite can be summarized as in Scheme 5. 


O 
k A 
ROH + SOC1,—>+~—> R-O-S-Cl + HCl 
ROH 
O 
4 
R-O-S-O-R R-Cl + SO 
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At low temperatures (0-25°, 2 hours) good yields 
Of the dialkyl sulfite, 32, could be isolated from the 
reaction of the [2.2.2] alcohol, 13, with thionyl chlor— 


ide in various solvents, 


socl, 


Low temperature 


13 R. > Ry 


3 


For this case, the rate for the process whose rate con- 


stant is k R, , must be greater than Ry , and there- 


LS, 3 
fore the reaction of another molecule of alcohol with 
thetnitially formed alkyl chlorosulfite canvoccur to 
form the dialkyl sulfite, 32. Presumably this dialkyl 
sulfite reacts with thionyl chloride at elevated tem- 
Peratureseto=lormecie  (2.2-ciudlky  chloresullite; 45, 
which finally decomposes to yield alkyl chloride product. 
The attempted isolation of dialkyl sulfite or 
alky P Chtorosulbrte from tie reacvionsOre exO>) 5.2.1] 
alcohol with thionyl chloride in various solvents at 
low temperatures (0-25°, 2 hours) was unsuccessful 
(Table 8). Even under these mild reaction conditions 


only unreacted exo-[3.2.1] alcohol, 29, and a mixture 


Or *[3 P21 | *ehlorides, 14 and 33 was observed: 
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R > R or R 
29 Kaor thy 


14 and oS) 


Since only unreacted alcohol and alkyl chloride were 
formed from the reaction of exo-[3.2.1] alcohol, ZIPewLen 


thionyl chloride at low temperatures, it can be postu- 


lated that in this case R PIER or R, . The magni- 
3 ee a 


tude of ake is presumably dependent upon the nature of 
R. The greater the ability of the R group to stabilize 
the incipient positive charge during the ionization of 
the R-O bond, the more facile should be the decomposition 
of the initially formed alkyl chlorosulfite. It is pro- 
posed that due to the increased stability of the benzylic 
{[3.2.1] cation, formed during the ionization of the C-O 
bond of a [3r2e.) alkyl techloroswliite; ino -dialky besuis 
fite was realized. For this case Ry is larger than Ry 


3 2 
An alkyl chlorosulfite could not be isolated even at low 
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temperatures, presumably due to the facile decomposition 
Of the. [3412.1] alkyl chlorosulfizce. 

At elevated temperatures no dialkyl sulfite or 
chlorosulfite was isolated from the reaction of the di- 
benzobicyclic alcohols with thionyl chloride. Under 
these reaction conditions the decomposition of the alkyl 
chlorosulfite predominates, since the decomposition of 
the alkyl chlorosulfite or the decomposition of the di- 
alkyl sulfite are accelerated. 

The mechanism of the reaction of alcohol with 
thionyl chloride is concerned with the mode of decompo- 
Sition of the intermediate alkyl chlorosulfite. In the 
case of the intermediate dibenzobicyclco[2.2.2]octa- 
dienyl chlorosulfite, decomposition could occur by at 
least four mechanistically conceivable processes: Syie 
Seru,; S25 and Syl- These mechanisms are depicted in 


N N 
Schemes 6 to 9. 


Before any discussion about the relative import- 
ance of the above mechanisms can proceed it is necessary 
to establish the structure and stereochemistry of the 
various bicyclic chlorides formed in this reaction. 

‘The reaction of the three bicyclic alcohols, 13, 29 and 
30, with thionyl chloride under various reaction condi- 
tions could conceivably give rise to any of the following 


mono~-chlorides: 


£0. osreb ‘ghia on comcioungie’ panne 
th od Yo neuen aity most Boveices saw 02/2 ioecsoldo” 7 
jobmt .sbivetds Lyobise aaiw etotoske otfeyoldosmed — 
hypits, ont Yo sokpteognoseh ant anoisiboos aottose2 sages 
to coldigoquonsh sat aorle  setsntaoborq ot Etweoxoldo 
-ib svtt Yo mobtssoquoosh, sy to edt tiveozolso fydls edd 
«bedeugionos o1s et iitos Lyiis 
dtiw Ledecks Bo sobsesez ory Io wetandsom ait 
-ngreconh Io one od3 Gatw bewxeodes wl, ebisroldo fyaotat 
ef? al .stitiveowelrto I¢dls etelbettretnt sf¥ 30 aolata 
+qinanr {hs Slogtoysidorngdis easibomiedal edi 20,8260 
4a yd ated Bidee Hotytaoquoosh wotbitveotolde Lyasts 
ip®  raewiesorg sidsvivonem qf Looltealasitoem wol tesel 
ai-Setoiqst see antainadtsom cata iia? £2 BAB « Sy2 a "Lye. 
.@ of 2 eemedoe. 
~Jyoqe! evidaien ede tyoda noberioets ynes es0le8 | 
wasetsuen ai di hesaotd aso emineiosm evods off to son6 
aiid to yraekmsieaonede bad anodnerte odd dubldadee os 
: _ nado tomers ettt mi Bensod sehiseido otloyoid quolisy 
hung 28! BL Lafoviaese oiloymid costs att to nojseen edt 
~bbnw2 aoisaan guoitey tebay ebizolie Lynotds Attw QE 
PE sR wi om eal pate ert eee, hives Aaa 
| :eebLr0ld97Onpm 7 
of ob | | Caw "se 


7 Une : : ier 
_. ; - a = so a a 


136. 


oso foto} 


SCHEME 6 (Si Mechanism) 
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retention 


rearrangement 


15 


inversion 


SCHEME 8 (Su2 Mechanism) 


Ad 


rT mie, eg oes es | hgh ba 


1 aa | sales 
O20: \CEXOHO-O 


os eee ra 


138. 


The nmr spectra of the chlorides 14, 15, 37 and 38 have 
been reported by Cristol (22,25). The nmr spectrumiot 
a mixture of [3.2.1] chlorides, obtained from the re- 
action of the-three bicyclic alcohols, 13, 29 ands3Qmith 
thionyl chloride under the appropriate reaction condi- 
tions (see Figures 1-5), showed that two mono-([3 2.0] 
chlorides were present in the reaction mixture; the sum 
of the integration of the absorption bands att 4.68 

and 5.00 was equal to one proton on the basis of one- 
eighth of the integration of the 8 aromatic protons. 
The absorption band at t 5.00 was that of endo-H, of 
exo-[3.2.1] chloride, 14, as reported by Cristol. The 
chemical shift of the spectral frequencies of the ali- 


phatic protons of 15, 37 and 38 are sufficiently dif- 
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ferent from those of exo-[3.2.1] chloride, 14, to allow 
the detection of their presence by examination of the 
nmr spectrum of the reaction mixture. Furthermore, the 


signal at T 4.68 was assigned to exo-H, of endo-4- 


4 
chlorodibenzobicyclo[3.2.l]octadiene, on the basis of 
the chemical shift and coupling constant (Jy is = 5.0 
Cos), LOD thas proton. 

The stereochemical assignments of the two mono- 
[3.2.1] chlorides was substantiated by chemical means. 
A purified mixture of the [3.2.1] chlorides gave analyses 
for the elements C, H and Cl which were consistent with 
those calculated for the compounds. Further, an 
attempted purification of a mixture of the [3.2.1] 
chlorides by column chromatography (Silica Gel packed 
in carbon tetrachloride), gave rise to two fractions, 
83% Of 7—chlorodibenzobicyclo[2.2.2]octadiene (15), 
and, £33 Of a mixture Of exo-—) and) endo-(3.-2.1j@elconols, 
29 and 30. These products isolated from the chrom- 
atography column could only have arisen from [3.2.1] 
chlorides in which the chloride is bonded to C-4 in 
either exo or endo position, since the [2.2.2] chlor- 


ide, 15, was shown to be stable to chromatographic 


treatment: 
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29 and 30 


a) Possibility of the Classical Syi Mechanism - The 
classical Sy mechanism as outlined in Scheme 6, illust- 
rates that the carbon-oxygen bond breaking and the car- 
bon-chlorine bond formation are concerted processes. 
This intramolecular nucleophilic change results in re- 
tention of configuration; the carbon-chlorine bond forms 
on the same side as the carbon-oxygen of the original 
alkyl chlorosulfite. | li the Syt mechanism as defined 

in the classical sense, were operating in the reaction 
of thionyl chloride with the alcohols under investiga- 
tion, then each alcohol should lead to the chloride of 
the same skeletal structure and same stereochemistry. 
Dipenzobicycloiz 2. Z)octadien-2-014 (13), ssnoule yrtedd 
only 7-chlorodibenzobicyclo[2.2.2]octadiene (15). More 


specifically, the deuterated [2.2.2] alcohol, 3l, 


should lead exclusively to cis-/-chloro-8-deuteriodi- 
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benzobicyclo[2.2.2]octadiene (34): 


The results obtained from the reaction of the deuterated 
akconols? 3l, wathtthiony iechloride im toluene dideagnee 
with the Sx mechanism. The major product under these 
reaction ‘conditions was ‘the [252.2] chloride, 34. A mix- 


ture of [3.2.1] chlorides was also formed: 


major minor 
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However, the possibility existed that the [2.2.2] chlor- 
ide, 34, could have come about by a geitonodesmic re- 
arrangement .(18d) of the mixture of the [3.2.1] chlorides, 
35 and 36. Indeed this was found to be the case, and 
will be Aeechesen teteus 

The stereochemistry of the chlorides 34 - 36 was 
established by nmr. Information concerning the exact 
position of the deuterium relative to the chlorine could 
be obtained by examining which absorption peak of the 
deuterated chloride was absent when the spectrum was 
compared to that of the nondeuterated analog. Cristol 


(22) has reported two coupling constants for the H, pro- 


8 


tons with Hy proton, for exo-4—chlorodibenzobicyclo[3.2.1]- 
octadiene: Jig = 4.0, 1.1 cps. The coupling between pro- 
tons on vicinal carbon atoms in rigid systems depends 
primarily on the dihedral angle ® between the H-C-C' and 
C-C-H' planes (23). These angles, which have been 
estimated by Tanner and Gilman (24), can be visualized 


by an end-on view of the bond between the vicinal car- 


bomsatoms,,,,c-s and C1: 
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A plot of the calculated relationship between the di- 
hedral angles and vicinal coupling constants, has been 
made~(23).. On the basis of the "Karplus Plot", the 
estimated coupling constants of the He protons with the 


Hy proton are as follows: anti J =—3,0 CDs, ana’ Svn 


Via: 


Jy oe 0.2 cps. To measure the coupling constant be- 
’ 
tween theH, and Hy protons in thet (s.241)) chioride=pro— 


duct, the absorption band due to the H. proton was 


5 
Trraqiated,. 


Only one coupling constant of J = 4 cps was observed. 


its’ 


proton which was coupled 


Therefore, it was the anti-H, 
EOuLiC Hy proton, in the exo- and, endo-4-chiloro—syn-3- 
deuteriodibenzobicyclo[3.2.l]octadienes. The irradia- 


tion of the H proton allowed a determination to be 
1 


made of the Jy 5 coupling constant. The dihedral angle 
LA 

between anti-H, and H, is the same as that of anti-H, 

and H. (24). A coupling constant of 4 cps was found 


a 
for these two protons (J, ae 4,08cps)i. lnc, large 


coupling constant is further corroboration for the deut- 
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erium assignment. 


in the®analysis of 7T=chloro=cis-8=deuteriodibenzo= 
bicyclo[2.2:2]octadiene (34) ,"it'was-established that 
the proton absorption for cis-H, at t 8.25 was absent in 
the nmr spectrum. Further, Cristol (25) reported three 
coupling constants for the Ho proton of 7-chlorodibenzo- 


bicyclo[2.2.2]octadiene: Jy 7 = trans J = 2.5 and cis 
Ul 


7,8 


Jo al 37.0, Seirradiationtofethe Hy proton resulted ina 
’ 


doublet for Ho withtascoupling’ constant of¥sacps. 


For the reactioneoft the!) [62221] alcohoks »29eand0o0;, 


the Syi mechanism predicts that the exo-[3.2.1] alcohol, 
29,"should! lead* to” exo= [32221] "chloride, 14, and; endo- 
[se2e1]"alcohol,~30;, should LTeadeto endo=(Ge 2.1] echtorade, 
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The best opportunity for the Syt mechanism to 
occur is when a polar solvent such as dioxane is used 
in the reaction of alcohols with thionyl chloride 
(5, 8b). The reaction of the three bicyclic alcohols 
with thionyl chloride in dioxane did not lead to a 
quantitative amount of a chloride of the same stereo- 
chemistry as the alcohol from which it was derived. 
Instead, the same chloride product ratio was obtained 
from each of the alcohols investigated, when the re- 
action was carried out in dioxane, with the major pro- 
ducts being dymixture Of vexo-sand endo— (3.2, ]echlorides, 
day eona. > tty could ibe); argueds that, the reactilonsot 
each of the alcohols with thionyl chloride in dioxane 
initially gave rise to the chloride with the same stero- 
chemistry as the starting alcohols, and that the final, 
common, chloride product ratio was due to subsequent 
rearrangement of the initially formed chloride product. 
It was found that in dioxane, all of the dibenzobicyclic 
chlorides were stable to the reaction conditions em- 
ployed for this reactions Further, the rearrangement 
Of the 1.25222) chioriderto, [3.2.1] chloride wouldmnot 
Occur! Since it has been! shown that?the: (272.2) octadi- 
enyl derivatives are the thermodynamically most stable 
ones (18d). Thus, even under those reaction condi- 
tions claimed to be the most favourable for re- 


actions whose stereochemical outcome has been rational- 
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ized by the Sule the results from the reaction of these 


alcohols are not compatible with this mechanism. 


b) The Sui! Mechanism - The Sui! mechanism as depicted 


in Scheme 7 is different from the Sixt mechanism only in 
the sense that the intramolecular nucleophilic change 
accompanies bond migration. Thus, when an allylic alco- 
hol is allowed to react with’ thionyl’ chloride,) the pro- 


duct obtained exclusively is the one in which allylic re- 


arrangement has occurred: 


CH 
Zou iN 
O R-C “CH 
4 au 
R-CH=CH-CH.-O-S-Cl ——~> ' ——» R-CH-CH=CH. + SO 
2 Z 
C1 fe) | 
As. A eal 
‘Ss 
Y 
O 


Both the [2.2.2] alcohol, 13, and exo-—[3.2-1)] alcohol, 
29, could conceivably give rise to chloride product via 


the Si" mechanism: 
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Thesteact ion» of the [2.222] aleohol, 13, should lead ex- 
Clusively to,exo-([3.2.1)] .chloride, 14, and exo-[3.2.1] 
alcohol, 29, should lead exclusively to [2.2.2] chloride, 
i5. The decomposition of the chlorosulfite of the endo- 
[3.2.1] alcohol, 30, cannot occur via the Syt! mechan- 
ism. Since each of the three alcohols (13, 29 and 30), 
gave rise to the same chloride product ratios, it is 
unlikely that the decomposition of the bicyclic chloro- 
sulfites proceeds via the Si! mechanism. 

The Syl! mechanism has been most extensively demon- 
strated for reactions of allyiicvalconols with thionyl! 
chloride with diethyl ether as the solvent, or in neat 
thionyl chloride (19). When the two alcohols, 13, and 
29, wnose chilorosulfites could conceivably decompose 
Videune Si! pathway, were allowed to react with thionyl 
chloride in dry diethyl ether, only rearranged [3.2.1] 
chloride product was realized. Similarly, both of these 
alcohols gave rise to virtually quantitative amounts of 
[3.2.1] chlorides when they were allowed to react with 
neat thionyl chloride. “If it is argued, as previously 
Stated; that the Linal product ratiosranise, £romsre— 
arrangements of the initially formed chlorides, then it 
Veenecessary that the [2.2.2] .chlocide, so, tiewinleval 
product predicted by the Sy mechanism from the re- 
action of exo-[3.2.1] alcohol, 29, with thionyl chlor- 


ide, must rearrange to the [3.2.1] chloride products. 
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Lt was found as in dioxane that the [2.2.2] chloride, LS, 
was completely stable under the reaction conditions of 


the bicyclic alcohols with neat thionyl chloride: 


alcohol 


c) The Sy? Mechanism, = The reaction) of (cis—3-deuteri1od1— 
benzobicyclojG 224 }octadien=2-0199 (31), with thiony? 
chloride was carried out to obtain some information 
about the stereochemistry of this reaction and to assess 
the importance of the Sx2 mechanism. The Sx? reaction 
process implies that the chloride in the product must be 
attached to the side opposite from which the sulfur 
dioxide molecule departed. Clearly, cis-3-deuteriodi- 
Denzobicyclo (352. ljoctadien-2-0l/ (31), when ailowed 
toureace with thionyl, chloride must yield trans—7-chioro- 
8-deuteriodibenzobicyclo[2.2.2]Joctadiene, if the Sx2 


mechanism were operative. 
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Lewis and Boozer (8b) found that the decomposition 
of a variety of optically active secondary alkyl chloro- 
sulfites in toluene led to alkyl halides with complete 
inversion of configuration. They concluded that tolu- 
ene was a solvent extremely conducive to the Sy2 path- 
way, where the chloride anion can approach the alkyl 
chlorosulfite from the backside, giving rise to in- 
verted chloride product. When the deuterated alcohol, 
JL, was allowed to react with thionyl chloride. in 
toluene, the major product formed was cis-7-chloro-8- 
deuteriodibenzobicyclo[2.2.2]octadiene (34). Thus, 
the stereochemistry of the deuterated chloride formed 
was not consistent with the Sy pathway. 


The deuterated alcohol, 31, was also allowed to 
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react with thionyl chloride in dioxane and in neat thi- 
onyl chloride. Under both of these reaction conditions 
the Major products were da mixture Of exo- ‘and endo—4- 
chloro-syn-8-deuteriodibenzobicyclo[3.2.1]octadiene 
(Sonandis6)icgs Thessyn-Seposition, Of the deutertumeis 
Consi Scentawiene the welledocumented) stereospecint1c ancl. 
bond migration between the [2.2.2] and the [3.2.1] sys- 


tem (18c). 
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On the basis of these results the possibility of the Sy 


mechanism could be ruled out. 


d) The Syl Mechanism - It has been Shown that a [2.22.2] 
carbonium ion does not intervene as an intermediate in 
both solvolysis and addition reactions of 7-substituted 
dibenzobicyclo[2.2.2Joctadienyl derivatives (18b, c, d, 
f, g). Solvolyses of dibenzobicyclo[2.2.2]octadien-7-yl 
derivatives are known to give exclusively or preponder- 
rere dibenzobicyclol3. 2.1 )octadien-ex0-2-41 derivarives 
(18a, c, d, g), and the reactions which occurred were 
generally stereospecific with respect to the skeletal 
Migration (léc, dj, g). Hor exampler(18t)7, aceto1ysis 
OL) LnesCis-deuperio p-coluenesulilonatce, 397, gaveusyn=0-= 


deuteriodibenzobicyclo[3.2.1l]octadien-2-o0l acetate (40): 


Bnd Senden 
and aadors + (908) 
NaOAc 


39 40 


When 40 was treated with 1M perchloric acid in acetic 
acid at room temperature tor 160 minutes, it re- 
arranged to the thermodynamically more stable [2.2.2] 


acetate, 41: 
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Thus the acid catalyzed rearrangement from the [3.2.1] 
system to the [2.2.2] system was also stereospecific. 
In 1 M perchloric acid in acetic acid the exo acetate, 
40, was found to equilibrate rapidly (<5 min) toa 
58:42 mixture of exo and endo acetates, 40 and 42, re- 
spectively, before any substantial rearrangement to 

the [2.2.2] system had taken place. Thus, CXO= [orca 
product is produced by kinetic control, and with 
stereospecific anti bond migration from the (22252 
system. This is then rapidly converted into the equil- 
ibrium mixture Of exo- and’ endo-/|3.2.1)]" 1s0omers,, and 
more slowly converted, again stereospecifically, into 
thesi2. 2c), tsomer.. Intervention of va, classicaly (2.2 e2) 
cation is interdicted by the clean stereospecificity 

of the [Sez = [2.2.2] rearrangements. Cristol 
(18£) suggested that the acid catalyzed rearrangement 
of the [3.2.1] system to the [2.2.2] system followed 


the path of Scheme 10. 


LisS.87, ont wee dosmbacexxaes Busiys ten bios edd eum 
ptiiseqeodzade ohe Ay AHERN | 15-88), ad? of meteye 
adedson ox at) bios pigges at bine ahsoidozeg Mf at 
« od (atta e+) YPpaGerx dasighttnge 99 bruh BeM ABE ; 
~ox ,S8, bre QO ,zetetsus baa’ Ere Ge to erusxim shez 
ot paeuspasTssea Loksgateneg, yas syoted ,ylevispage 
fi.Ss £)-gxe Bat | aoeke netted bed metey= [8-558] ong 
asiy bas LotRED sigenta yd bsouborg ef souborq 
| (5 .$.8) ad} oma? noissxpin bined £dcnis oitiosqeostesa : . 
arts oittit bss taviteo yihtgss sod? al. eidt pont dc a 
fis atom ers “ORM bas “oe | do axuselal ee 
omne yites: itivehioexede ai mpn iid tevwsi00 eiwotie ox0m e 
[f.% 24) Ispbeseto 5 to nodtaeveodad wemoek 1S. ie as 


158. 


ovo=o0-o0 


40 OAc 
42 


SCHEME 10 


mie (reaction *ot “Che deuteracedsalconoly Slyewith 
thionyl chloride provided results which were consistent 
with the hypothesis that the [2.2.2] cation does not 
form as an intermediate, since if it had formed then 


DOthn cis and, trans deuterio—([2..2.-2) chloride: should 


have been obtained as products: 


aahwe fh Re anal : 7 4 
snesetando emew dtoicw edt ives a ert 
ebixotaa 


SaaS a er 
2 


159°. 


Product analysis of the deuterated chloride had shown 
that .onlysthe,cis—[252.2]) isomer, pa,;emad formed inthe 
reaction of the deuterated alcohol, 31, with thionyl 
chloride. The stereochemical result that only syn-8- 
deuterio-[3.2.1] chlorides were formed in the reaction 
of the bicyclic alcohols with thionyl chloride implies 
that the [2.2.2] carbonium ion cannot be an intermediate 
in the decomposition of the bicyclic chlorosulfites. If 
it were, such an intermediate would give both syn- and 
anvi-o-deurerso—-(3. 2.11) «chlorides. 

The above results indicate that migration must 
accompany ionization of the carbon-oxygen bond of the 
alkyl chlorosulfite. If migration occurs at the time 
of ionization the cationic intermediate can be envisaged 
as either a “Classical” benzylic ion, I, with only ordin-— 
ary delocalization into the vicinal aromatic ring, or 


as the "nonclassical" intermediate, II: 


ve bal 


Cristo! i(18d)b thas wuled out othe possibility of the cat— 


ionic intermediate II on the basis of the observation 
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that exo-endo isomerism of various [3.2.1]-octadienyl 
derivatives occurs rapidly compared with [3.2.1] —— 


[2.2.2] %somerization. 


MECHANISTIC CONCLUSIONS 


Each of the above mechanistic pathways is inade- 
quate to explain the results obtained from the reaction 
Of the varicussbicyelic alcohols with, thiony Wy chlenide: 
However, experimental results obtained during the course 
of this investigation indicate strongly that the decom- 
position of the alkyl chlorosulfite occurs by an ionic 
mechanism, in which the “classical” q3.2.1 |ecacion, 
stabilized by benzylic resonance, can be the sole cat- 
ionic intermediate. The stereochemical results and the 
product distributions observed in the reaction of the 
bicyelac alcohols: with tthaonyl chloride, "can best be 
accommodated by Scheme il. 

As shown in Scheme 1l, it is assumed that no 
[2.2.2] cation intervenes in the decomposition of the 
Bicvelic chlorosulfites irrespective Ot [the solvent 
employed in the study of the reaction of alcohol with 
thionyl chloride. Lewis and Boozer (8b) attributed the 
stereochemical outcome from the reaction of secondary 
optically active alcohols with thionyl chloride, to 
differences in the solvating power of various solvents. 


For the bicyclic alcohols, no such special effect for the 
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solvation of the cation needs to be postulated. It is 
PEOpOsSed that in ally the solvents the. [3.2.1] cation is 
formed from the decomposition of the bicyclic chloro- 
sulfite, while only the position of the "gegen ion" is 
different. 

POL the (2.2.2) chlorosultite the formation, of tne 
[3.2.1] cation involves the migration of a carbon-carbon 
bond coincident with and anti to the departure of the 


SO,Cl leaving group: 


Ds Osocl 
Qieslieyeas 


The resultant benzylic carbonium ion is then trapped 
byechtoride vanion to yield a mixture vol exo- and yendo— 
i320.) aul, Lasands33, with a preponderance of 
the exo isomer. The larger percentage Of (exo) product 
(quasi-axial attack), over endo product (quasi-equatori- 
al attack) has been rationalized (18b). Preferential 
exo attack occurs since the p-7 overlap of the benzylic 


carbonium ion with the benzene ring will be lost less 
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rapidly if the chloride coordinates from the quasi-axial 
(exo) position than from the quasi-equatorial (endo) posi- 
CiOn. Thus, the transition state for bonding from the 
exo side is of lower energy than that for the bonding 
from the endo side. 

The major product from the reaction of the bicyelic 
alcohols with thionyl chloride in toluene, is the [2.2.2] 
chloride, 15. Scheme 11 illustrates that the unrearranged 
chloride arises from the rearrangement of an initially 
formed mixture of [3.2.1] chlorides. The initial, evid- 
ence for this [3.2.1] to [2.2.2] rearrangement arose dur- 
ing the attempted preparation of the chlorosulfite or 
Gtalky lesuiti te sor exO—(3.2.1 |) atconod,. 29.) When Ciiis 
alcohol was allowed to react with thionyl chloride in 
toluene under the reaction conditions employed for the 
pErepasation Of dialkyl sulfite, 32, (0-25°, 2 hours), 
Only s[3.2-!l' chloride product was realized. lt. was 
observed that at this early stage of chlorosulfite forma- 
tion in. the reaction of alcohol’ with thionyl chloride, 
the first-formed chloride product was a 4:1 mixture of 
exo- and endo-[3.2.1] chlorides, 14 and 33. This was 
Gontbary to the, formation on [2.2.21] .chloride sas ithe 
Major product when the bicyclic alcohols were allowed 
towteacte wit thniony. chloridevin toluene under sche 
normal reaction conditions. 

It is postulated that toluene, which is a poor lon- 


izing solvent, should result in the hydrogen chloride 
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formed in the reaction, to be largely undissociated: Thus, 
the hydrogen chloride dissolved in the toluene is able 
to catalyze the rearrangement of the mixture of [3.2.1] 
chlorides to [2,2.2] chloride. Control experiments 
in which n-propanol, tert-butanol or allyl alcohol were 
allowed to react with thionyl chloride in toluene, with 
a molar amount*or a mixture ot” [3.271 | "chlorides aaded, 
did not give consistent results; the extent of [3.2.1] 
to [2.2.2] rearrangement varied from about 20% to about 
56%. However, when dibenzobicyclo[3.2.1]octadien-exo-2- 
Of (29) was’ allowed to react’ with thionyl chiloride™in 
toluene with a molar amount of a mixture of [3.2.1] 
chlorides added, the nmr spectrum revealed the presence 
Cie Ot nor tices. 2-2 | rClllOtidey. lo, e1il) Liles —eac clon 
mixture. 

To demonstrate the catalytic effect of hydrogen 
chloride in the rearrangement, the bicyclic alcohols 
were allowed to react with thionyl chloride in toluene 
with a molar amount of an amine base added. Under these 
reaction conditions quantitative amounts of [3.2.1] chlor— 
ide product were isolated. It is postulated that the 
bases employed for this purpose (pyridine, Huenig's 
Base and Proton Sponge) are extremely effective in taking 
up the hydrogen chloride formed during the reaction (21), 
thus totally inhibiting the acid-catalyzed rearrange- 


ment of the [3.2.1] chlorides to the [2.2.2] chloride. 


‘ete Sue Yo teomegaeys co 
 streminsyne Levtriod .sbironde do thE 08 
gxaw Lotodts tyhte +0 Lonatuc-ges ‘ates asta wok 
ain ,eaewtod af obkvo ke iynaias dink Jone% o9 por 
bebe ashitdidd (£.S.t) to “quudate © to daome eeeat 
fE.S 2) 26: dradste $44 ;etiosss tnasetonce ave som Bib | 
typos 69 90% ghods wort Petrer JoogmepetTses [s.8. $1 6 
“Seepeeet co tiitob pL 8. C}éhodstaatienhs agdw \2evewo’s. #98 
ne abisbirio olLgoetay €stiw aosge2 og bewolls Bew es) to . 
ree le) so nish ho wees endom, 6 tt bw Sa 
esrgeang. sid Patssvest addintie - edt ,bebhs seblzaige 
nokteonas, ait mr es SbMiUMEMS 16.9.8) odd 20 eT ‘te 


Aoporkgn Bo Je? ohtyladas ote snk leat on | 

elddedis ob boyaiad $d3 ieleeeeirsuikee edd. as ebtsolito: 
--eeigyed mb’ ablimoiisdo Iyaoditd | dintw toae3 03 bewoLls exaw! 
seedy +Sbat -bobbs daid smimk om to 2nvems asilom 6 ftw | 


wens [LcS..£] to ssagoms ovisetideng aso87 Liha: noisone% 
arty ind) bedsauitiengy st 2 beteleed s2aw spuboa oat 


165. 


Further, tne stability of the ®[a.cel) chiorides under 
these reaction conditions was examined when n-propanol 
was allowed to react with thionyl chloride in toluene, 
with molar amounts of both an amine base and a mixture 
of [3.2.1] chlorides. The only chloride product re- 
isolated quantitatively was the original starting mix- 
ture of [3.2.1] chlorides. It was concluded, therefore 
that the [2.2.2] chloride, formed as the major product 
im the reaction sot py 2.2) fal conol, boy wichwaen vony, | 
chloride in toluene, came about by a hydrogen chloride 
catalyzed rearrangement of the initially formed mixture 
GOLelo.col |e chilotides. 

The stereospecificity of the [3.2.1] ~~» [2.2.2] 
rearrangement, under these reaction conditions, was 
demonstrated by the reaction of the deuterated [2.2.2] 
alcone lias ewith thiony 1 chloride. @The-onily [27202] 
chloride obtained was the one which had the deuterium 
inede posi ticn), cis £0 therchlorine, 34.) According: to 
Scheme 11 this necessitates that ionization of the C-O 
bond of the alkyl chlorosulfite is accompanied by mig- 
ration of the bond anti to the leaving group to yield 
the’ [322 3h)) cation, in which the deuterium is °in the 
syn-8 position. Attack by chloride anion at the benzylic 
positron then) leadseto the inwelalgmixture-sof, (3.2.1) 
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Ionization of the C-Cl bond, under the reaction condi- 
tions, can) lead tova [3.2.1] cationvagain, «and: cis-=7— 
chloro-6~deuteriodibenzobicyclo[2. 2. 2ljoctadiene (34) 

can be formed by attack of the chloride anion at Ci with 


coincident anti-bond migration: 


SOC1.,ROH 


Toluene 


a 
——e 
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The final products observed from the reaction of 
the bicyclic alcohols with neat thionyl chloride and 
thionyl chloride in dioxane were predominantly a mixture 
of [3.2.1] chlorides. It is postulated that in dioxane 
the hydrogen chloride formed in the reaction of alcohol 
with thionyl chloride, is largely dissociated. Dioxane, 
which may act as a Lewis base, should generate a sub- 
stantially higher concentration of chloride anion than 
toluene. The chloride anion thus formed is then able to 
Crap the benzylic carbonium ion. . The protonation of 
dioxane by hydrogen chloride limits the ability of the 
hydrogen chloride to catalyze the ionization of the 
initially formed mixture of [3.2.1] chlorides, and larg- 
ely inhibits the rearrangement of the [3.2.1] chlorides 
to [2.2.2] chloride. When the basicity of the solvent 
was increased by the addition of a molar amount of 
amine base to both the reaction mixture in neat thionyl 
chloride and thionyl chloride/dioxane, then, as was the 
case with toluene, the formation of [2.2.2], chloride 
was inhibited completely. 

An interesting aspect of the product distribution 
observed in the reaction of the bicyclic alcohols with 
thionyl chloride in dioxane warrants some discussion. 

Tt was’ found that the reaction of dibenzobicyclo[2 72 72)— 
octadien-2-ol (13) with thionyl chloride in dioxane gave 


rise toan exo/endo [3.2.1] Chloride Produce Lace OL e... 
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For the same reaction with dibenzobicyclo[3.2.1]octadien- 
exo-2-0l (29) an exo/endo ratio of 3:1 was obtained, and 
for the reaction of dibenzobicyclo[3.2.1]octadien-endo- 
2-ol (30), the ratio of exo/endo was 2:1. The differ- 
ences observed in the exo/endo ratio for the three alco- 
hols can be rationalized by assuming that some chloride 
product comes about by collapse of an intimate ion-pair; 
endo- [3.2.1] alcohol, 30, gave rise to a higher percent- 
ajerorsendo-t322..) ciloride, 35, tianneii ne. CxO se2ed) 


alconol, 29, or [2.2.2)]" alcohol, 13. 


The initially formed endo chlorosulfite ion-pair has 
chlorine at a position favourable for attack at the 
endo side of the carbonium ion, and some coordination 
from this side may occur before chloride anion reacts 
at the usual preferred exo direction on the dibenzo- 


bicyclo[3.2.lJoctadienyl cation. Product formation by 
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an ion-pair pathway has recently been postulated (18g) 
for the formation of endo= [3.22 17 saleohol,. +30, ins the 
deamination reaction of dibenzobicyclo[3.2.1]octadien- 
endo-2-yl ammonium p-toluenesulfonate. No endo-[3.2.1] 
alcohol was realized from the deamination reaction of 
the corresponding [2.2.2] and exo- [3.2.1] p-toluene- 
sulfonate amine salts. It was postulated (18g) that 
hydroxide ion in the initially formed benzyl cation- 
hydroxide ion-pair can attack from the endo side before 


it migrates to the exo side: 


The product distribution in the reaction of the 
bicyclic alcohols with neat thionyl chloride could be 
altered appreciably by the addition of a catalytic 
amount of water to the reaction mixture. Under these 
Peace on conditions; 25-303, OL thet(2. 2c iechloride,; 5, 
was formed which compares to less than 10% for the 
reaction without water added. The result may be 
rationalized by proposing that the water in the ‘reaction 
mixture reacts with thionyl chloride resulting ina 
higher concentration of hydrogen chloride, which is 


then available to catalyze the [3.2.1] to [2.2.2] chlor- 
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ide rearrangement. Alternatively, water may react with 
thionyl chloride to form sulfur dioxide which could cat- 
alvzera  [a.2.1)] to [2.2.2). rearrangement. Cristol, Argan- 
bright and Tanner (18b) demonstrated the epimerization 


of 44 to 45 with liquid sulfur dioxide: 
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The study of the reaction of thionyl chloride with 
the bicyclic alcohols 13, 29 and 30 has demonstrated 
that the reaction mechanism for the decomposition of the 
intermediate bicyclic chlorosulfites is largely ionic in 
nature, proceeding through the "classical" benzylic 
[3.2.1] cation (I). Attack at the benzylic cation leads 
to an initial mixture of exo- and endo-[3.2.1] chlorides. 
The final product distribution is determined by the 
amount of undissociated hydrogen chloride present in the 
solvent. In toluene, the hydrogen chloride is largely 
eee eed resulting in an acid catalyzed rearrange- 
ment of the initial kinetically controlled [3.2.1] chlor- 
ide product mixture to the thermodynamically more stable 
[2.2.2] chloride. To a lesser extent this rearrange- 
ment occurred under the reaction conditions, neat thi- 
onyl chloride with water added. In neat thionyl chlor- 
ide and in the solvent dioxane the hydrogen chloride is 
presumably largely dissociated preventing the acid 
catalyzed rearrangement from occurring to any large 
extent. When the basicity of the various solvents was 
increased by the addition of tertiary amine bases, the 
hydrogen chloride catalyzed rearrangement was inhibited 


completely. 


Shey! 


oi siaot vlogxed’ af deat ttneexolde i 
_ aetysage Mfesgeaeto" sd3 ania Suet 
abent pbtso nitysnded add 46, toagsA CR) sORtsS {f.8.8] 
-aehinofén U.S Craps Be, sie 20 suidraie fedsat ae 98 | 
ony ye ecu itts bi  nbkindietiale: daubiong Laat? edt 
add al sinner ‘sbiaolitea nspettyit badalodeathay to Jnvoss 
yiepis! at ahizolts seposbyt ade .easuhed at .t0evlos 
SOME IPS7 Hesy lates Sitios ns ad, gaa teens ba2aioosa tba 
ofte UP. B81 bal Tomatoes ylventaenta {ndaend edt 20 tam 
sidete stom yELnotinn york xatts eA? ot vtstxis soubor abi 
~spastrses aris aad z#veol 5 of .ebixolde [f. 8.5) 

-iis Jaan ,egosaibaes nottosen aig aebau bav2u900) Jaen 
~solie Ligitesketa teen cf .hebbs aetew dilw ebizoldo Lyne : 
ek abiteld> asyouby ode ensxodb gnovion sds at baa sbi 

‘bios odd pulgmeverg Bedaigoeedh vlopset yidemunezq- 
aeuan go8: of. pit aauREe Moti thsimpas1ises besyl S359 — 

asm iensy ten aueiiey ots to yfioterd sd? nodW dng 3x8 7 

ats ipaed seme yunkrest Jo asbaabbe eds va bmeseanal | 
boskdhalns we sinensis ein Se 


Ber iP cB Rick EM deN: TitAg 


Materials 


Blue-violet fluorescent anthracene was obtained 
from Aldrich Chemical Company and was used without 
further purification. Purification of benzene, toluene 
and p-xylene was accomplished by washing with concent- 
rated sulfuric acid followed by refluxing over sodium 
for 24 hours and distillation. Benzene and xylene 
were stored over molecular sieve (4A), and the puri- 
fied toluene was stored in degassed and sealed ampoules. 
Diethyl ether and tetrahydrofuran were purified by re- 
fluxing over lithium aluminum hydride for 12 hours 
followed by fractional distillation. 

Commercial dioxane was passed through a chromato- 
graphy column (80 g of activated alumina for 100 ml of 


dioxane), to remove peroxides, and then purified accord- 


ing to the method of Fieser (26). The pure dioxane, 
ie = 1.4226, was stored in 35 ml aliquots in degassed 


sealed ampoules. Pyridine was purified by distilla- 
tion from barium oxide and stored over molecular sieve 
(4A). Diglyme (diethylene glycol dimethyl ether) was 
obtained from Matheson Coleman and Bell Co. Ltd. and 
purified by refluxing over sodium metal for four hours 
followed by distillation. Commercial thionyl chioride 


was purified according to the method of Fieser (27). 
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The pure thionyl chloride was stored in degassed, 
sealed ampoules. 

Boron trifluoride etherate obtained from Eastman 
Kodak Co. was purified by distillation under reduced 
pressure from calcium hydride. Huenig's Base (N,N-di- 
isopropylethylamine) was purchased from Aldrich Chemi- 
cal Co., and purified by distillation at atmospheric 
pressure (bp 126°). Proton Sponge (1,8-bis (dimethyl- 
amine) naphthalene) available from Aldrich Chemical Co. 
was dried in a vacuum desiccator and employed without 
further purification (mp 49-50°). Sodium borodeuter- 
ide was purchased from Alfa Inorganics Inc. and used 
Oicectly. 

Silver pivalate was prepared in a similar manner 
to that described, by Eliel and Haber (28) for the 
preparation of silver benzoate. To a stirred solution 
Or 20.479 40.20 mole) of pivalic acid -in 100 ml Of 3256 
aqueous sodium hydroxide was added dropwise 2 ml of 
nitric acid followed by a few drops of 2 M sodium 
hydroxide solution. . Silver nitrate (0.22 mole in 30 
ml water) was then added slowly. The silver salt 
which precipitated was collected by filtration, washed 
successively with water and carbon tetrachloride and 
dried in a vacuum oven for 24 hours before use. The 
purity of the material was checked in the following 


manner. To 2.00 g of the dry silver salt was added 


=i) 2 
ra r 


hasnt isbaw Hotaeti ite tb va 6 - 
| EBM) amet ‘a pidoul prnckyrec tee sisene 79 
<fiieeD AbERIA Hose BosedomuG Sew 
sivedgacinns 49 WodSatieielh ‘ga Dover Kaa <a Oe 
~tytttemih) etd+8\£) spnog? rotors Cask qd) emensag 
0 Enkindt® dbkzalA wierd efdk tins fonateddiqha (ecm 
; tueitiw heyel ata fas scseoe baa mudnay & ak toitb saw - 
“eathvabored auto. 088s aa) hokseshiieuy tonsa ue 
beau bas .de asthawient s2Y4 word Bekadog sow abi 
aoe -  lytatexkB 
<ouwen aetinke 6 di) Benieasaa Sew ini xovl ia 
odd 101 (G8) sadet ban LoflS yé .Bedtaoesb tad? OF 
aéisiioe barvtite 2 af -edeosaad xv lie. to noltsinqe3g ; 
ws to fm 00 at Kos odtwvie tH (ohom Of.0) B b.08 to | 
to im < eaiwdosb bebis asw ebixonbyl mu Lboa avosups 


a@utioe MS. 26 egoxb wot = yd bewollot bios oixdia ; 

gf nt olom £540) atid ka covt ie settle gbixorbyd r 
thee yeviie ost .yiwole bebhe neds asw (xetew Ler . 
bedesw ,nokdsadlit yd bedvetios aaw beretiqioesq dokdw — : 


‘ 


bits shixoliiosstet nodes bes wedaw adiw eee 


a 


id Se eee 


174. 


30 ml carbon tetrachloride, the solution was heated and 
filtered. To the filtrate qneetdded 30 ml water, the 
mixture was stirred and 2 drops of phenolphthalein was 
added. The solution was immediately titrated with 
0.04 M sodium hydroxide. Addition of 1 drop of base 
turned the mixture pink and thus, it was assumed that 
the silver pivalate was acid-free. 

Lead tetraacetate (LTA) was obtained from Alfa 
Inorganics and recrystallized from acetic acid/acetic 
anhydride prior to use. Raney nickel catalyst was pre- 


pared by the procedure of Vogel (29). 


Prepardteron) Ofesubstrates and Authentic samples 


trans-7,8-Dichlorodibenzobicyclo[2.2.2]octadiene - 


This compound was synthesized according to the procedure 
Of Cristol(30)* from trans=1, 2-dichloroethylene and 
anthracene in7o4s yield: imp 113'5 >= Pl4s5* (lite 11s 25 - 
}14°). The infrared and nmr spectra, in carbon tetra- 
chloride, of pure trans-7,8-dichlorodibenzobicyclo[2.2.2]- 
octadiene were compatible with those reported for this 


compound (25). 


Dibenzopr1cyvclol2.c.2 loctatriene. (22)— The olerin, 
22, was prepared from trans-7,8-dichlorodibenzobicyclo- 
[2.2.2Joctadiene according to the method of Cristol 


(18c) in 75% yield. The crude product was purified by 
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column chromatography (Woelm neutral alumina, pentane/ 
carbon tetrachloride), and recrystallized from 95% 
ethyl alcohols jmp. 116 (36117 °s(1itte118.5 =, 1192) sate 
infrared spectrum of this olefin was compatible with 
the assigned structure, and the nmr spectrum in carbon 
tetrachloride was the same as that reported for this 
compound (25). The compound, 22, could also be pre- 
pared from the oxidative decarboxylation of trans-7,8- 
dibenzobicyclo[2.2.2]octadienedicarboxylic acid with 
lead tetraacetate in dioxane by the method of Walsh 
and Bradly, (31). The yield of dibenzobicyclo[2.2.2]- 
octatriene prepared by this method was 43%: mp 115 - 


Ba ly ces 


Dibenzobicyclol2 v2.02 loctadien=2-Ol acetate 2h) a 
The ester, 21, was prepared according to the method 
of Alder and Rickert (32), from the reaction of vinyl 
acetate and anthracene in p-xylene. | After  recrystal— 
lization from aqueous ethyl alcohol, white crystals 
(S12) were isolated: mp: 99 <=" 100° (ie. 1 008- s Ol 
ove 1740 a nmr spectrum was identical to that 
reported (25). 
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Dibenzobicyclo[2.2.2]octadien-2-ol (3b ow nie 


alcohol, 13, was obtained in 88% yield from the lithium 


aluminum hydride reduction of dibenzobicyclo[2.2.2]- 
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176. 
octadien-2-o0l acetate (21), according to the procedure 
of Cristol, Arganbright and Tanner (18b): mp 140 - 142° 


(lit. 140 - 142°); ir(ccly) v, , 3570 om +; nmr (cpc1,) 


was identical with that reported (25). 
Anal. Calcd for Ci 64) 49: G7) 80s 54; babe FOuUNnd 23C, 


SG6s215 HH ,.46.44. 


cis-3-Deuteriodibenzobicyclo[2.2.2]octadien-2-o0l 
(31) - One hundred and fifty ml of tetrahydrofuran were 
placed into a 300 ml three-necked round-bottomed flask 
fitted with a dropping funnel stoppered with a serum cap, 
a capillary tube for introduction of nitrogen and a trap 
containing acetone. Under a rapid stream of nitrogen, 
220979 3(0,0 0 mole) of ervhéenoanthracene (22) ande0.o90g 
(0.014 mole) of sodium borodeuteride were added. Under 
a slow stream of nitrogen 5.58 g (0.043 mole) of freshly 
distilled boron trifluoride etherate was injected 
through the serum stopper into the dropping funnel. 
The slow nitrogen stream was maintained while the boron 
trifluoride etherate was slowly added to the solution 
and stirred. When an atmosphere of deuterioborane gas 
had built up, the nitrogen gas flow was interrupted. 
The mixture was stirred for an hour after which time 
the excess sodium borodeuteride was destroyed by the 
cautious addition of water. The subsequent oxidation 
was carried out by the slow addition of 27 ml of 30% 


hydrogen peroxide and stirring for one hour. The re- 
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action product was extracted with ether and the ethereal 
layer was dried over anhydrous magnesium sulfate. After 
removal of the solvent using a rotary vacuum evaporator 
2.23 g (98%) of a white crystalline product remained: mp 
Pasen 144 oe( lite 420 —-8143° (1ot))- nnor (CDC1,) T2550 
So25e(muLtaplet, 98H, aromatic), 5.69 (doublet, 1H, J1= 
3.0 Hz, bridgehead Hj). 5.02 (GOUDLeEt, LHe!) Seo eOrne. 
bridgehead Hy)s 5.92 “doublet of doublet, lH, gJeeeos 0 Hz 


and 8.6 Hz, He), 6.65 (broad doublet, 1H, H.» trans to 


3 
OH) ande3339 a(singlet, «1H, 70H)-. The cis stereochem- 
istry of this alcohol was assigned on the basis of the 


absence of the cis-H, absorption band at t 8.82 assigned 


3 
byeCristol (25) (for the non-deuterated, alcohol, (13: 
Integration of the nmr spectrum showed that deuteration 
had occurred to the extent of >903. 


Anal. .Caicd’.for C DO: °C, 236-062 1 (DD). 6.4 So. Bound: 
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syn-8-Iododibenzobicyclo[3.2.1]octadien-exo-2-o0l 
acetates (23) e—) sCrascol and np nus nse synthesized 
the compound, 23, by the Prevost method in which the 
Olefin, 22, silver acetacte and the iodine in benzene 
were heated under reflux for 26 hours. They reported 
that the only products isolated were unreacted olefin, 
22, and syn-8-iododibenzobicyclo[3.2.1]octadien-exo-2- 


ol acetate. However, under the reaction conditions 
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employed here, it was found that a substantial amount of 
the endo isomer formed in addition to the exo isomer. 

To a vigorously stirred suspension of 0.526 g (0.0034 
mole) of silver acetate in 25 ml of dry benzene was 
added 0.874 g (0.0034 mole) of sublimed iodine in 10 ml 
benzene and the mixture was stirred vigorously for five 
Minutes. Then a solution of 0.678 g (0.0033 mole) of 
ethenoanthracene in 10 ml of dry benzene was added to 
the silver acetate solution by means of a dropping fun- 
nel. After stirring for 20 minutes the silver salt was 
filtered and washed with benzene. The filtrate was 
washed with 1 M solution of sodium carbonate and water, 
and dried over anhydrous magnesium sulfate. The solvent 
was removed using a rotary vacuum evaporator, leaving 
ivi. 9g” (87%) Ot a colorless oil. An nmr spectrum in 
carbon tetrachloride was taken to ascertain the relative 
Fatios Of the products formed: ethenoanthracene (22); 
CLAS), syn-8-iododibenzobicyclo[3.2.1l]octadien-exo-2-o1l 
acetate (62%), and syn~8-iododibenzobicyclo[3.2.l]octa- 
dien-endo-2-o0l acetate (21%) were the products present. 
The reaction mixture was subjected to column chromato- 
graphy using Woelm neutral alumina packed in Skelly B, 
with 50/50 pentane/carbon tetrachloride as the eluting 
solvent. Two fractions were collected. The first 
fraction contained 0.180 g (16%) of the unreacted 


ethenoanthracene (22). The second fraction gave 0.080 g 
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(73%) of a white crystalline material which didnot possess 
a sharp melting point. An nmr spectrum in carbon tetra- 
chloride showed two characteristic peaks at Tt 3.78 (H 

of syn-8-iododibenzobicyclo[3.2.1]octadien-endo-2-o0l 
acetate @(27%)020))) Mand t4543 (H, of syn-8-iododibenzobi- 


cyclo[3.2.l]octadien-exo-2-0l acetate (73%)). 


exo and endo-syn-8-Iododibenzobicyclo[3.2.l]octa- 
dien-2-o) pivalate (25) sand. (26), =JSilver (pivalate, 
rather than silver acetate was used in the Prevost 
reaction, Since the bulkier stert—buty! .group was antici— 
pated to result in the formation of a greater percentage 
Of the endo -isomer. , Tosa vigorously stirred suspension 
om 3). 449 (05015 mole). of dry silver pivalate in 200 mi 
of dry benzene was added 38.1 g (0.15 mole) of freshly 
sublimed iodine and the mixture was stirred vigorously 
FOr. SumMInuLes. asl luenaa SOlut OnsOL 30.0 5g. (0.1 47amoLe) 
OE di benzonicyC1oi2-2. 2)octatriencs (22), in 0GgmiLaony 
benzene was slowly added from a dropping funnel. The 
mixture was stirred for 12 hours and the silver salts 
were filtered and washed with benzene. The filtrate 
was washed with 1 M sodium carbonate, followed by water 
and then dried over anhydrous magnesium sulfate. After 
the. removal o£ the organic solvent using. a, rotary 
Vacuum, evaporator, 50,9 (892),olsausolid residue re— 


mained. 
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A total of 11 g of this crude product was sub- 
jected to column chromatography on Fisher Adsorption 
Alumina packed in Skelly B, with 50/50 pentane/carbon 
tetrachloride as the eluting solvent. The progress of 
the chromatography was followed by thin layer chromato- 
graphy (TLC). Fractions 1-3 consisted of unreacted ole- 
Einic, starting material (mp J18)— 119°). A stotaloor 
1.05 g (9.5%) of this compound was isolated. Fractions 
4-6, 528959 (168), mp 170-81) 2° wasithet of pubessyn— 
8-iododibenzobicyclo[3.2.l]octadien-exo-2-0l pivalate. 
Fractions 7 and 8, 1.19 g (11%), showed two products 
by TLC and an nmr (CC1)) revealed these to be a mixture 
of che exo0-(75%), and endo- (254) asomers.| fractions 9— 
15, 2.57 g (23%) was a mixture of the two isomers but 
now the ratios had changed; exo-(20%), endo-(80%). 
Fractions 16-21, 2.93 g (27%), were shown to be a mix- 
ture of exo-(10%) and endo-(90%) isomers again. Fractions 
22—25, pnd, (73) pimp L644) 41660 W ee. wasethat iol pure 
syn-8-iododibenzobicyclo[3.2.1]octadien-endo-2-o0l piva- 
Late. (2.6): 

The two isomers thus isolated were recrystallized 
from carbon tetrachloride: syn-8-iododibenzobicyclo- 
[Pjia2) OCLadLen—exO— 2-01 pivalates: mp pil 45 easel 3 > aa 


1718, 608 cao (CCl) lien 2455) - 


(CCl 4) You Ye-I 


3.05 (multiplet, 8H, aromatic), 4.35 (doublet, 1H, endo- 


Ho). 5.29 (doublet of doublet, 1H, anti-H,), 62,05 
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(doublet, 1H, Ho), 6.45 (doublet of doublet, 1H, H,) 
and 8.75 (singlet, 9H, pivalate, tert-butyl). 

A e es 
nal Carea-ior C,,H,,10,: 
C, 58.58; H, 4.76. syn-8-Iododibenzobicyclo[3.2.l]octa- 


C;, 20-55, UH, 4.90., pound. 


dven-endo-2-ol™pivalate; “mp 164*— 165°; “ir (CCl4) Varo 


1725, POC tems ener (CCl,) t 2.50 - 3.17 (multiplet, 


Yo-1 
SH, aromatic) ;°3.2 82 (doublet, ae exo-H,), 5.24 (doublet 
Of “deublet, *1H; anti-H,), 5.98 (doublet, “1H, Ho), 6.35 
(doublet of doublet, 1H, H,) and 8.83 (singlet, 9H, 
Puvelate tervt-buty l)= 

AnaloCalcd ror *C 


H,,10 C7 25.557 Ny 4.90. LoOunar 


ul ae 


Gpeoo600; H, 4.91. 


Dibenzobicycio([3. 2.1 ]octadien-exo-2-o0l pivalate 
(27) - Into*a one liter round-bottomed flask was added 
5-3 9 (02012 mole) of pure lsyn=s=10dodibenzobicyclo= 
a2. Loctadien-exo~2-01 pivalate in 300 ml absoluce 
ethyl alcohols To this solution were added “[.20 gq 
(0.012 mole) of triethylamine and 5 ml of freshly 
prepared Raney nickel. The resulting mixture was 
shaken under 1 atm of hydrogen at room temperature for 
12 hours. The catalyst was filtered and the flask 
rinsed several times with absolute ethyl alcohol. The 
solvent was removed by rotary evaporation and the 
crude residue was dissolved in carbon tetrachloride. 
The organic solution was washed with 10% hydrochloric 


acid and with distilled water, and dried over anhydrous 
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magnesium sulfate. After removal of Solvent eby rotary 
evaporation, 3.70 g (100%) of a colorless, oily residue 
remained which solidified on standing. The reaction 
product was dissolved in 30/70 pentane/carbon tetrachlor- 
ide and filtered through alumina. Recrystallization 
from cold n-pentane gave a white crystalline solid: mp 
omen) Oe ir(CCl,) Vo=o 1714 om + (no absorption band 
at 698 cm! as for the starting material, 25); nmr (CC1,) 
T 2.598 = 3.16 (multiplet, SH, aromatic); 4.38 (doubler, 
1H); 6.24 (triplet, 18), 6.66 (multiplet, 1H), 7.69 
(multiplet, 2H) and 8.90 (singlet, 9H, pivalate tert- 
butyl). 

Anal. Calcd for C57 H5 905! CAO 2 oe eh a ee Ounce. 
32.06; H, 7.502 


Dibenzobacycio[3.2.l)octadien-endo-2-0l) pivelace 
(28) - This compound was obtained by the Raney nickel 
reduction of syn-8-iododibenzobicyclo[3.2.1]octadien- 
endo-2-ol pivalate according to the method described for 
the exo isomer. A total of 3.2 g (0.0074 mole) of the 
endo isomer was allowed to react, and 2.lg (93%) of a 
colorless oily residue was isolated. The reaction pro- 
duct was purified by column chromatography according 
to the procedure described for the exo isomer. Compound 
28 is a colorless waxy Oil: ir (CCl,) Ve=o 1724 ie (no 
absorption band at 700 cm + as found for the starting 


Material, 26); nmr (CC1,) T 20950 —65. 20. (MULeipLet, aon, 
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aLOMarI CG), 63299. (doublet, lH) .6.434 (muitiplety 2h), 7.82 


(multiplet, 2H) and 8.94 (singlet, 9H, pivalate tert- 


butyl). 
Anak. ,<Galed,_for C5145 50>: CC £o223 26.05 44.5245~ found: sC, 
82.17; H, 7.41. 

Dibenzobicyclo[3.2.1l]Joctadien-exo-2-01 (29) - Com- 


_pound 29 (2.87 g, 0.009 mole) was reduced with lithium 
aluminum hydride according to the method described for 
the reduction of dibenzobicyclo[2.2.2]octadien-2-ol 
acetate (21) ,to yield 1.9 g (91%) of a white crystalline 
Material. The compound was recrystallized from cold car- 


bon tetrachloride: mp 119.5 = 120.5" (Jit. L117 — 119° 


: Vv 
O=H i 3C=0 


(cDC1,) was identical to that reported for this compound 


Gir tag ccls Hae Bb ropes io ecra 1005 conrad 


8) 
Anal. Calcd for Cy 6H 40: Cc, 60.450" BH, 26.55.) 2 0unG. 1c, 


Bozo. HH, 6.21. 


Dbibenzobicyeo (3.271) octadien-endo-2-o01 (30) *-*ihe 


reduction of dibenzobicyclo[3.2.1]octadien-endo-2-ol 
pivalate (28) with lithium aluminum hydride to give the 
endo alcohol, was carried out in an analogous manner to 
that described for alcohol 29. A total of 1.22 g 
(0.0045 mole) of compound 28 was reduced to yield a 
white crystalline product (0.81 g, 95%). Recrystalliza- 


tion from cold carbon tetrachloride gave pure dibenzo- 
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bicyclo[3.2.1]octadien-endo-2-0l: mp 143 - 144° (lit. 
PAS V0 el 45.617) ) 5 ar (CCl,) Vo-H 3422, 3600 cmt; 
nmr (CDC1,) T 2.60 - 3.20 (multiplet, 8H, aromatic), 

5.52 (doublet, 1H, exo-H,), 6.24 (multiplet, 1H, He). 
6.55 e(mul tiolet yr, Hy). 7260, a(mnultiple& 2h; Syn-H, 


and anti-H) and 98.459 «(Sing let, iL, OH)s. 


Anal. Calcd for Cy 6H 490? C, 486245578 ahoe) Aber ounds3C, 


86.63 tae» 20-.36,. 


Proton Magnetic Resonance Analysis of Reaction Mixtures 
from the Reaction of Dibenzobicyclic Alcohols with Thionyl 


Chloride. 


The products from the reaction of the dibenzo- 
bicyclic alcohols are all known compounds except endo- 
4>chlorodibenzobicyclo [3.2.1] octadtene (33). "The nmr 
Spectrawtor tthe [2.202] chloride, 25,2and™the ‘exo=|35.2-. 1] 
chloride, 14, have been reported (22,25). Integration 
ratios of three characteristic protons were ascertained 
to establish the ratios of the three chlorides: tT 4.48, 


exo-H, of endo-4-chlorodibenzobicyclo[3.2.1] (33) (see 


4 
discussion p.144"for structure assignment), 7 5.00 endo- 


Hy, of exo-4-chlorodibenzobicyclo[3.2.l]octadiene (14), 


and t 5.70, H, of 7-chlorodibenzobicyclo[2.2.2]octadiene 


2 
(15). In each reaction it was found that the sum of 
the integration of these protons was equal to one pro- 


ton based on the magnitude of one-eighth of the inte- 


gration of the 8 aromatic protons. A spectrum of pure 
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7-chilorodrbenzobicycio[2.2;2]o0ctadiene (25) 2S 92 Ven ah 
Figure l. Endo- and exo-4=chlorodibenzobicyclo[3.2/1]- 
octadiene (33 and 14) could not be separated. A spect- 
rum of a mixture of pure endo- and exo-[3.2.1] chlorides 
is also given (Figure 2). Standard solutions of [2.2.2] 
chloride and [3.2.1] chlorides were prepared and their 
nmr (CCl,) spectra taken: Figure 3 shows the spectrum 
OL ae o0;20=mixture of [262.2] chloride; 157 andra mix= 
LULG Of GxXoO-vand -endo—| 3e2- 1) ehlorides, 14-and-3 3, 
Prgure 4=shows7a°Mixture- Of 95+" ere-sand=endo-{o.2ed| 
envor ides?) 1s) and= 335 and Js) (25202 lech Oride;~ ao 
Figure 5° shows’ a mixture’O£*9 52942 -2t2]"chioride;, 15, 
and= 54, Of a mi xCure= Ol~exoO-Fand Gndo-{572.1 jc borides, 
Peeande so. “ErometherSpectrasor Cheego. owMIXtureoe. 
could be deduced that it was possible to detect <2% 
Orraeitex Cure” Ole Ls anus s OF <5s"0Lel> pane awelixturomos 
the three monochlorides. The reproducibility of the 
spectral analysis was estimated as >98% from multiple 


analysis of the same mixtures. 


Reaction of dibenzobicyclo[2.2.2]octadien-2-ol 
(13) with thnionvie chloridesin, toluenes= Wneoraglo0seml 
three-necked round-bottomed flask fitted with a dropping 
funnel, a magnetic stirring bar, a reflux condenser. and 
a drying tube was.added a solution of 2.48 g (0.02 
mole) of freshly purified thionyl chloride in 25 ml of 


purified toluene. A solution of 0.706 g (0.0032 mole) 
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of dibenzobicyclo[2.2.2]octadien-2-0l in 20 ml of puri- 
fied toluene was added slowly from the dropping funnel. 
The resulting solution was stirred at room temperature 
for 12 hours and then allowed to reflux for an addition- 
al 1.5 hours. The excess thionyl chloride was subse- 
quently distilled from the mixture at atmospheric pres- 
sure, and the distillation continued until the volume 
was reduced to 15 ml. The remaining solution was allowed 
to cool to room temperature and washed twice with satur- 
ated aqueous sodium bicarbonate solution and twice with 
water. The organic layer was dried over anhydrous mag- 
nesium sulfate. After the solvent was removed using a 
rotary vacuum evaporator 0.77 g (101%) of afaintly yellow 
Oily residue was obtained. The residue was dissolved 

in carbon tetrachloride and an infrared spectrum was 
taken to show the absence of unreacted alcohol. An nmr 
spectrum of the same solution revealed the following 
characteristic peaks of the chlorides at t 4.68 (exo- 

Hy, Of 33, 4%)),, 5-00 (endo-H, of 14, 14%) and 5.70 (H, 

of 7-chlorodibenzobicyclo[2.2.2Joctadiene (15), 823). 
The reaction product was chromatographed using Fisher 
acid washed alumina/n-pentane. Elution was initially 
carried out with n-pentane and then the polarity of the 
solvent was slowly increased. No product was realized 
until carbon tetrachloride was used as the eluting sol- 


vent. Fractions 3-8 contained a total of 0.56 g (73%), 
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of 7-chlorodibenzobicyclo[2.2.2]octadiene; mp 111.5 - 


1 


US see Clete mo) 1 2g 411 3° © (1.7). ea 620 cm 


Ye-cl 
(characteristic, band of /-chlorodibenzobicyclo[2.2.2]- 
octadiene); nmr (CCl,), identical with that reported 
for this compound (25). 
Anal..Calcd for Cy 6H, 301: Coe a ee el ee Aa 
BOUNG+.G 18.02) oh, wobec. ba ned) BNO GEurther chior— 
ide product was isolated. It was found that under 
Certain sreaction conditions the [3.2.1] chlorides 
hydrolyzed to [3.2.1] alcohols on the chromatography 
column. Elution with chloroform gave fractions 11 and 
12 which contained 0.140 g (19%) of a compound (118 - 
119°) whose infrared and proton magnetic spectrum was 
Edenticalstoithat of authentic dibenzobicyclo [3.2.1] oeta= 
dien-ex0=2-0f8. 

Thesthree monochlorides 147) 15, and S30weressub— 


jected to the conditions of the isolation and analysis 


of the reaction mixture and were found to be stable. 


Reaction of [2.2.2] alcohol, 13, with thionyl 


chloride in dioxane - Into a three-necked round-bottomed 
flask, fitted with a dropping funnel, a magnetic stir— 
ring bar, a reflux condenser and a drying tube, was 
placed a solution of 2.98ag (0-025) mole) ‘of freshly puri— 
fiedethiony chlorides in 25 misot puriived dioxane. 7A 
solution of 0.505 g (0.0023 mole) of dibenzobicyclo- 


[2.2.2Joctadien-2-o0l in 15 ml purified dioxane was slowly 
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added from the dropping funnel. The resulting solution, 
after being allowed to stir for 12 hours at room tempera- 
Cure; swas heated *to reflux tor-anadditional 1-5 hours. 
The excess thionyl chloride was distilled from the re- 
action mixture at atmospheric pressure, and the volume 
reduced to 20 ml by further distillation. The solution 
was transferred to a separatory funnel and water was 
added until no more precipitate formed. After extrac- 
tion with carbon tetrachloride the organic layer was 
washed twice with saturated sodium bicarbonate and twice 
with water. The organic layer was dried over anhydrous 
magnesium sulfate, and after rotary vacuum evaporation 
of the solvent 0.49 g (90%) of a faintly yellow, oily 
residue remained. The infrared spectrum (CCl,) showed 
that no unreacted alcohol was present in the reaction 
mixture, and that the characteristic absorption band at 


620 cm 


of 7-chlorodibenzobicyclo[2.2.2]octadiene, was 
weak. The nmr spectrum of the same solution revealed 

the following percentages of chlorides: T 4.68 (exo-H, 

of endo- 4-chlorodibenzobicyclo[3.2.l]octadiene, 1352), 

5.00 (endo-H, aye exo-4-chlorodibenzobicyclo[3.2.l]octa- 
diene, 60%) and 5.70 (Hy of 7<chlorodibenzobicyclo[2.2.2]=- 
octadiene, 25%). The reaction mixture was chromatographed 
on alumina packed in Skelly B. Elution with 50/50 pen- 


tane/carbon tetrachloride (fractions 1-23) yielded a 


total of 0.156 9 (28%) or the [2-2-2i> chloride, 15. 
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Elution with chloroform gave 0.211 g (47%) of an alco- 


hol whose infrared spectrum in carbon tetrachloride was 


identicads tofthat of-dibenzobicyclo (32: 


2501, 29))% 


1]octadien-exo- 


The three chlorides 14, 15, and 33 were subjected to 


the work-up and analysis conditions employed in the re- 


action of the) bicyclic»alcohols? withsethionylichloride in 


dioxane and were found to be stable. 


Reaction Of (2.2.2) alconol,, 13) with neat thiony! 


chloride - Into a 50 ml three-necked round-bottomed 


flask, fitted with a magnetic stirrer, reflux condenser 


and a calcium chloride drying tube, was 
(0.140 mole) of pure thionyl chloride. 


COOleEOsInsani ComDath sCOmUc 7s ano ..508G 


added 10 ml 
The flask was 


(0.0068 mole) 


of the alcohol, 13, was added. The solution was allowed 


to stir at room temperature for 12 hours and then heated 


toerefluxefor 1.5-hoursm > Subsequently, 


the excess thion- 


vil chloride was distilled at reduced pressure and the 


resultant oily residue was dissolved in 
tetrachloride. The solution was washed 
sodium bicarbonate, then with water and 
dried over anhydrous magnesium sulfate. 
tions oOferthe wrganicjsolvent at ammn Hg, 
a colorless, oily residue remained. An 
rum in carbon tetrachloride showed that 


unreacted alcohol, and it also showed a 


LOemig-carbon 
with saturated 
subsequently 
After evapora- 
eso Oe Oya 9/3) OL 
infrared spect- 
there was no 


small absorption 
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band at 620 ome, characteristic for 7-chlorodibenzo- 


bicyclo[2.2.2]chloride. The nmr analyzed for the follow- 
ing ratios of the three chlorides: t 4.68 (exo-H, of 
[3.2.1] chloride, 33, 25%), (endo-H, of [3.2s1L) ;hicride, 
14, 69%) and 5.70 (H, of [2.2.2] chloride, 15, 6%). 
The reaction mixture was recrystallized from purified n- 
hexane to yield a white crystalline solid (92%) whose 
infrared spectrum was the same as that of the crude re- 
action mixture. 
Anal. Calcd for C1 64,301: C, fae887 4, 5.447 Ciy Jac7s.. 
POUnd : 4G... S001 7) oH eet ieee Pe eG 3 

Chlorides 14, 15 and 33 were found to be stable 


to the work-up and analysis conditions employed in this 


reaction. 


Reaction of dibenzobicyclo[2.2.2]octadien-2-ol with 
neat thionyl chloride and added water - Into a 50 ml 
three-necked round-bottomed flask, fitted with a magnetic 
stirring bar, and a reflux condenser were added 3 ml 
(0.042 mole) of pure thionyl chloride and 0.043 g 
(0.0024 mole) of water. The solution was cooled to 0° 
in an ice bath, and then 0.246 g (0.0011 mole) of the 
[2.2.2], alcohol, 13, .was, added... The solution was stir- 
red at room temperature for 12 hours followed by 1.5 
hours heating at reflux. After the reaction period the 
excess thionyl chloride was distilled under reduced 


pressure. The remaining oily residue was dissolved in 
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10 ml carbon tetrachloride and the organic solution was 
washed with saturated sodium bicarbonate and then with 
water, and dried over anhydrous magnesium sulfate. After 
removal of the solvent 0.265 (100%) of a eotomes: arly 
residue remained. The infrared spectrum in carbon tetra- 
chloride showed no unreacted alcohol, and a moderately 
strong absorption band at 620 cmt, The nmr spectrum 

of the same solution showed three chlorides: tT 4.68 


(ex0-H 7 of" 33,°20%), 5-00 (endo~H, of 14, 50%) and 5.70 


4 
(Hy OLeLSyp4303)% 
The chloride products formed in this reaction were 


shown to be stable to the work-up and analysis condi- 


tions employed in this reaction. 


Reaction of dibenzobicyclo[2.2.2]octadien-2-ol 
witheneatsthiony) chloride andjadded pyridine — intovd 
50 ml three-necked round-bottomed flask, fitted with a 
magnetic stirring bar, a reflux condenser and drying 
tube was added 3 ml (0.042 mole) of thionyl chloride 
and’ -the “solution cooled *to 0°° “Then 10.0777 -(0.00097 
mole) of “purzited pyridine, «and 707215 *g (0200097 moke) 
of alcohol 13 were added in rapid succession. The solu- 
tion was stirred at room temperature for 12 hours and 
then heated at reflux for 1.5 hours. After the reaction 
period the excess thionyl chloride was ajaseraréanee 
reduced pressure. The oily residue was dissolved in 


carbon tetrachloride and the organic solution was washed 
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with 10% hydrogen chloride, saturated sodium bicarbonate 
and finally with water. The organic layer was dried over 
anhydrous magnesium sulfate and after evaporation of the 
solvent at reduced pressure, 0.226 g (97%) of a yellow 
Oily residue remained. The infrared spectrum in carbon 
tetrachloride showed complete reaction of the alcohol 

and no absorption band at 620 en7t, The nmr spectrum 
showed two chlorides: tT 4.68 (exo-H, Of +3 3772s) and 


ov00" (endo-H, "el 4l47,"39%)% 


4 
Similar reactions were undertaken with the bases 
N,N-diisopropylethylamine and 1,8-bis (dimethylamino) - 
naphthalene, instead of pyridine. The results of these 
experiments are summarized in Table 5. In each case 
the chloride products formed were shown to be stable 


to the conditions of the isolation and analysis used 


in this reaction. 


Reaction) Of dibenzobicyclo i252. 2joctadien-2-o0l9 (13) 
with thionyl chloride in toluene and added (pyridine = The 
procedure for this reaction was analogous to that employed 
in the reaction of the [2.2.2] alcohol, 13, with thionyl 
Chloride in toluene. yA solution, on 0.217 0g) (0200098 
molejeot the [2.272] -alcohnol; 13; “1n. 20 milsoL pure 
toluene and 0.077 g (0.00098 mole) of dry pyridine was 
allowed to react with 0.75 mli{0.01 mole) sof) thionyl 


chloride. The reaction gave a crude yield of 0.225 g 
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(96%); ir (CCl,); no absorption in the hydroxyl region 
and no absorption band at 620 ene was found; nmr (CCl ,) 
tT 4.68 (exo-H 


Of 3357 719%)) and=s-00" endo-=H WOE@ Lave amns).. 


4 4 
Both exo and endo-[3.2.1] chlorides, formed in 
this reaction, were shown to be stable to the conditions 
of the isolation and analysis used in this reaction. 
The results of repeated experiments of dibenzo- 
bicyclo[2.2.2]octadien-2-0l with thionyl chloride, under 


the reaction conditions described above, are listed in 


Tables 2-5. 


Reaction of cis-3-deuteriodibenzobicyclo[2.2.2]- 
octadien=2—0l, (31) swath thionyl chioridesin= tolucne== The 


procedure for this reaction of alcohol with thionyl chlor- 
ide in toluene was thesame as that described for the 
entree analog. A total’ ot 0.300 gq (0.0013 mole) 
Of the alcohol, 31, was allowed Co react with 2.9859 
(0.0025 mole) of thionyl chloride in 20 ml toluene. 

Bh crude yield of 0.28 g (89%) of a Eaintly yellow o1ly 
residue was isolated. The infrared spectrum in carbon 
tetrachloride showed the absence of unreacted alcohol, 
and a band at 620 cm. An nmr spectrum of the same 
solution showed absorption at t 4.68 (exo-H, of 36, 10%), 
5.00 (endo-H, Of 35,5303) -andso.7 0 (Hy of 8~-deuterio- 
7-chlorodibenzobicyclo[2.2.2]Joctadiene (34), 60%)). 
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Reaction of cis-3-deuteriodibenzobicyclo[2.2.2]- 


octadien-2-01 (31) with thionyl chloride in dioxane - The 


procedure for the reaction of compound, 31, with thionyl 
chloride in dioxane wasthe same as that described for 
the non-deuterated analog. The alcohol (1.0 g, 0.0044 
mole) was allowed to react with 3.3 g (0.028 mole) of 
purified thionyl chloride in 60 ml purified dioxane. A 
total of 1.06 g (100%) of a faintly yellow oily residue 
was isolated. An infrared spectrum in carbon tetra- 
chloride showed no alcohol absorption and a weak band 

at 620 cm +. An nmr spectrum (CCl,) of the sample 
showed the following percentages of the three chlorides: 
ce 4.685 (Exo-H 


O£ (36, .16%)),, 5.005, (endo-H, of 35, ,683) 


4 4 bid 
and 5.70 (H, of 34, 16%). The HR-100 nmr spectrum 
(CCl), showed that the deuterium atom was cis to the 
chlorine in, the. [2.2.2], chloride, 634, ,and,that it occu- 


pied the syn-8-position in exo- and endo-[3-72.1]_chlor- 


desi. 35.ends 36. 


Reaction of cis-3-deuteriodibenzobicyclo[2.2.2]- 


octadien=-2-o0l. (31) swith neat thionyl] chloride. - The pro- 


cedure for this reaction was analogous to that of the 

undeuterated alcohol. A total of 0.120 g (0.00054 mole) 
of cis-3-deuteriodibenzobicyclo[2.2.2]octadien-2-ol was 
allowed to react with 2 ml. (0.03 mole) purified thionyl 


chioride, to yield..0.121.9:(933),ofea,colorless.ocily 
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residue. The infrared spectrum in carbon tetrachloride 
showed the absence of both the hydroxyl absorption band, 
and the absorption band at 620 om, The nmr spectrum 

of the same solution showed that only two chlorides had 


formed: Tt 4.68 (exo-H, of 36, 14%), and 5.00 (endo-H, of 


4 
30, 868). Two coupling constants for the H 


g proton 


were found anti J = 4 cps, anti J = 4 cps. This 


1,8 5,8 
was consistent with the syn position of the deuterium 

The reaction mixture was subjected to column chromato- 
graphy on Woelm neutral alumina/carbon tetrachloride. 
Elution with carbon tetrachloride gave 35 mg (29%) of 

the unrearranged chloride cis—/—-chioro—-8—deuteriodibenzo— 
bicyclo[2.2.2]octadiene (34) (as evidenced by ir and nmr). 
The nmr spectrum in carbon tetrachloride of this compound 
showed no signal at T 8.25 due to the cis-H, proton. Two 
coupling constants were observed for the trans-H, pro- 


= 8.0 cps. This was again 


COn, =) CpS onus. 


J4,8 he 
consistent with the cis assignment of the deuterium atom. 
Elution with chloroform yrelded 58 mg (52%) of product 
whose infrared spectrum in deuteriochloroform showed 
strong absorption in the hydroxyl region. The nmr 
spectrum of this solution was compatible with a mixture 
of 8-deuteriodibenzobicyclo[3.2.1]octadien-exo- and 
endo-2-ol. By analogy with the nmr spectra of the un- 


deuterated [3.2.1] alcohols 29 and 30, reported by 


Cristol, the following assignments for the compounds 


ie’ 
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of this fraction were made; syn-8-deuteriodibenzobicyclo- 
[3.2.l]octadien-exo-2-0l, 65% and syn-8-deuteriodibenzo- 


bicyclo[3.2.l]octadien-endo-2-o0l1, 353%. 


Reaction Of exo- and endo-[3.2-1)] alcohols; 29 and 


30; with thionyl chloride = Both’ dibenzobicyciof3.2-1]= 


octadien-exo- and endo-2-0l, 29 and 30, were allowed to 
react with thionyl chloride under the same reaction con- 
ditions used for the reactions of dibenzobicyclo[2.2.2]- 
Octadien—2-01 (13). In Gach reaetion of the [3.2.1] -al- 
cohols, the product distributions were similar to those 
ebtained from the reactions of (the |2.2.2) alconol, 13, 
with thionyl chloride. The results of the reaction of 
exoO- and endo—~(3- 2-1] alcohols, 29 and 330, with a 10 
molar excess of purified thionyl chloride in toluene, 
are listed in Table 2; the results of the same reaction 
in dioxane are contained in Table 3. The results from 
the reaction of these two alcohols with a 10 molar ex- 
cess of thionyl chloride in toluene, and an equimolar 
amount of amine base added are listed in Table 4. The 
results from the reaction of the [3.2.1] aicohols with 
neat thionyl chloride, neat thionyl chloride and 0.0024 
moles of water added, and neat thionyl chloride with a 


molar amount of an amine base added, are contained in 


Table 5. 
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Reaction of n-propyl alcohol with thionyl chloride 


in toluene and a molar amount of a mixture of exo- and 


endo=—@ [302% 1) -chlorides *added=8— GA mixture) of 9(372.1)] 


chlorides was shown by nmr to consist of 75% exo- [3.2.1] 
Chloride, "147 and 25% endo-"|372-1)=chiorirde, 33. The 
amplified spectrum of a carbon tetrachloride solution of 
these chlorides could not detect the presence of the 
[2.2.2] chloride, 15. The infrared spectrum of the same 
solution did not exhibit an absorption band at 620 cm +. 
A 2% solution of 7-chlorodibenzobicyclo[2.2.2]octadiene 
in carbon tetrachloride gave rise to a weak absorption 
band at 620 cmt, Into a 50 ml three-necked round- 
bottomed flask, fitted with a reflux condenser, a magnetic 
stirring bar, a dropping funnel and a drying tube, were 
added 10 ml of purified toluene and 0.45 g (0.0038 mole) 
of purified thionyl chloride. From the dropping funnel 
was added a solution of n-propyl alcohol (0.0348 g, 
0200047 mole) and 0.li2%g (0.00047 mole) of a mixture of 
exO= and endo- [3.2.1] chiorides, in 95 mil purified tolu- 
ene. The reaction mixture was allowed to stir at room 
temperature for 12 hours and then heated at reflux for 
1.5 hours. The excess thionyl chloride was removed by 
distillation at atmospheric pressure, and the total 
volume of the solution reduced to 10 ml. The organic 
solution was washed with saturated sodium bicarbonate, 


twice with water and then dried over anhydrous magnesium 
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Sulfate. After evaporation of the solvent at reduced 
pressure, 0.107 g (94%) of a yellow oily residue re- 


mained: nmr (CCl,); 74.68 (exo-H, of 33, 25%), 5.00 


4 
(endo-H, Of 4m 55s) eand, 3.4/0 (H, of 15, 20%). 

An authentic mixture of [3.2.1] chlorides when 
subjected to the same work-up conditions employed in 


this reaction, gave an nmr spectrum (CCl,) unchanged 


from that of the starting mixture. 


Quantitative Infrared Analysis of the Reaction Mixture 
From the Reaction of n=-Propyl Alcohol, with -Thiony1 
Chloride in Toluene, with a Molar Amount of a Mixture 


of [3.2.1] Chlorides Added. 


Thesamoure .OL the .[2..2.2 pechlonide,. 15,5 formed iin 
this reaction was determined by differential quantitative 
infrared analysis, according to the method described by 
Cristol, Arganbright and Tanner (18b). The region 
between 500 and 700 ame of the infrared spectrum was 
scanned using a Beckmann IR-1ll spectrophotometer. Pot- 
assium bromide optics were employed to obtain the desired 
frequency range. A characteristic absorption band at 
620 cm + was observed for the [2.2.2] chloride, 15. This 
absorption band was absent in the infrared spectrum of 
the maxture of the [3.2.1] :chlonides,, 14.and33. the 


presence of the absorption band at 620 cm? in the infra- 


red spectrum of the reaction mixture of the rearrangement 
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experiment, indicated that the [2.2.2] chloride, 15, had 
formed during the course of the reaction. 

The experimental rearrangement reaction mixture, 
0.134 M in carbon tetrachloride, was compared with auth- 
entic mixtures in the following manner: each of a matched 
pair of 0.5 mm potassium bromide cells was filled with a 
sample of one of the authentic mixtures and the rearrange- 
ment reaction mixture, respectively. The authentic 
mixture was placed in the sample beam of the spectro- 
photometer, and the experimental reaction mixture was 
placed in the reference beam of the spectrophotometer, 
and the resultant ‘spectrum was taken. This process was 
repeated until the most nearly straight line (i.e., at 
constant T, where T = T/T) was obtained. The authentic 
MEXtCULe containing 2Z0ss0nethes [222-2] chloride, )5,..and 
SUS, ObsasMLAtuULre| Of the y[3.2)1 |iechlorides; lA andas3, 
when compared in this manner with the experimental re- 
arrangement reaction mixture, gave relatively no devia- 
tion from the most nearly straight line. This analytical 
method could detect the presence of 2% [2.2.2] chloride. 

The presence of 20% of the [2.2.2] chloride in the 
experimental reaction mixture was also confirmed by 
measurement of the area of the absorption band at 620 
ane Both the authentic mixture (20% [2.272] -chioride):, 


and the experimental reaction mixture were scanned 


against pure carbon tetrachloride, giving rise to an ab- 
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sorption band at 620 cm™*, The areas of the 620 com> 
absorption band from both solutions were the same within 
the limits of experimental error. 

Similar reactions, as the one described for n- 
propyl alcohol, were carried out with allyl and tert- 
butyl alcohol. The results of these experiments are 


listed in Table 7. 


Reaction of dibenzobicyclo[3.2.1lJoctadien-exo-2-ol1 
(29) with thionyl chloride in toluene with a molar amount 
Olea mixture ot [352.4 |) chlorides added “ihe exces (372.1) 
alcohol, 29, (0.082 g, 0.00037 mole) was dried ina 
vacuum oven for 24 hrs at 90°, and subsequently allowed 
to react with 0.11 g (0.00092 mole) of freshly purified 
thionyl chloride in 10 ml purified toluene and 0.089 g 
(0.00037, mole) of (a mixture of exo-— and endo— {3 22.1] 
chlorides added, according to the procedure normally 
employed for the reaction of an alcohol with thionyl 
chloride in toluene. The mixture of [3.2.1] chlorides 
used in this reaction was shown by nmr to be free of 
anya l2.2,2lechloride, 15. Slt consisted of 192%. endo- 
[3o2.1) chloride (33) and 61% of exo= (3.2.1) chiomice 
(14) A total, of 02175 9 (98%)7, of reaction. product 
was isolated. An HR-100 amplified spectrum of the re- 
action mixture revealed the following product distribu- 
tion: endo- [3.2.1] chloride, 33 , 6%, exo- [3.2.1] 


chloride, 14 , 18% and (2e2.2)2enlorge, lo 7 1G%. 
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Reaction of n-propyl alcohol with thionyl chloride 


in toluene with molar amounts of exo- and endo- es Bae) 


chlorides, 14 and 33, and pyridine - The procedure for 
this reaction was the same as that of the reaction of al- 
cohols with thionyl chloride in toluene. A mixture of 
[3.2.1] chlorides was shown by nmr analysis to be a mix- 
ture of exo (83%) and endo (17%). The infrared spectrum 
(CC1,) and the HR-100 amplified nmr spectrum of the same 
solution showed that within the limits of detectability 
(<5%3), no 7-chlorodibenzobicyclo[2.2.2]Joctadiene was 
contained? in’ ther reaction) mixtunesye n=Propyiyalcohol 
(0.046 g, 0.00076 mole) was allowed to react with 0.99 g 
(0.0083 mole) thionyl chloride, in the presence of 0.059 
g (0.00076 mole) pyridine and 0.182 g (0.00076 mole) of 
Che mixture of the (322-1) chlorides=(14%and 53) 71 
ml purified toluene. After the reaction and work-up pro- 
cedure, outlined previously, 0.180 g (99%) of a yellow 
oily residue remained. The infrared spectrum in carbon 
tetrachloride of the reaction product was identical to 
that of the starting material, and there was no absorp- 
tion band at 620 ty characteristic of 7-chlorodibenzo- 
bicyclo[2.2.2]Joctadiene. An HR-100 nmr analysis of the 
same solution could not detect any [2.2.2] chloride, and 
it was found that the ratio of exo/endo [3.2.1] chloride 
had not changed under these reaction conditions: nmr 


(CC1,) ¢ 4.68 (exo-Hy, 17%) and 5.00 (endo Har 83%) 
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Reaction of n-propyl alcohol with neat thionyl 


chloride and a molar amount of exo- and endo- [3.2.1] 


Chorides, 14 and 33 - The mixture of [3.2.1] chlorides 
was analyzed by nmr and was shown to consist of 833% 

exo- [3.2.1] chloride, 14, and 17% endo- [3.2.1] chlor- 
ide, 33, before the reaction. n-Propyl alcohol 0.043 ¢ 
(0.00072 mole) was allowed to react in 3 ml (0.042 mole) 
of neat thionyl chloride and 0.160 g, (0.00072 mole) of 
the mixture of [3.2.1] chlorides. A yellow oily residue 
(0.160 g, 100%) was isolated. The infrared and nmr 
spectra in carbon tetrachloride were identical to those 


of the starting mixture of [3.2.1] chlorides. 


Reaction Gien-propy!l alcohol with thronylechiorade 
in dioxane with amolar amount of 7-chlorodibenzobicyclo- 
b2ie2 e2toctadiene.e(15)maddede-iThis ineactionmwasycarried 
out in the same manner as che reactions of alcohols with 
chrony chloride pinsdioxane. min-Propy ealconol)(Oel25. 9, 
0.0021 mole) was allowed to react with 1.23 g (0.0104 
mole) of purified thionyl chloride in 30 ml of purified 
dioxane with 0.500 9g (0.002) mole) of [2.2.2] schioride, 
[578 padded. A white crystalline material (0.470 g, 
94%), was reisolated. The infrared and nmr spectra in 
carbon tetrachloride were identical to those of authen- 
tic? /-chlorodibenzopicyclo|(2.2.2loctadrene (15); mp 


PIOe5 = “114° mixture mp eallZ,o0-— 214.5 
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Reaction of dibenzobicyclo[3.2.1]octadien-exo-2-o0l 


(29) with 50 mole percent of thionyl chloride in toluene - 


A total of 0.246 g (0.00108 mole) of exo- [3.2.1] alcohol, 
29, was allowed to react with 0.066 g (0.00055 mole) of 
purified thionyl chloride under the reaction conditions 
normally employed for the reaction of alcohol with thionyl 
chloride in toluene. A total of 0.245 g (96%) of re- 
action product was isolated. The nmr spectrum (CC1,) Gis 
the crude mixture showed characteristic absorption bands 
for exO—) [3-2-1 ) aiconol,)29,,at t 5.00, 6.22 andeo. 07, 
and ror tie: [(2.2.2)echloride, i5, ates o.70eand 8.20. s8 tie 
amplified spectrum showed no absorption at tT 8.82, char- 
ACtGr Ps tice or Ches| 25222) talcono lel. “lhe reaction m1ix— 
ture was chromatographed using Woelm neutral alumina/car- 
bon tetrachloride. The fraction eluted with 50/50 carbon 
tetrachloride/chloroform (0.118 g, 96%) was isolated and 
analyzed. The infrared and nmr spectra (CDC1,) were 
identical to those of authentic dibenzobicyclo[3.2.1]- 


octadien-exo-2-o0l. 


Reaction of dibenzobicyclol2. 252joctadiens2-ol1, «(13) 


with, 50 mole percent thionyl chlonide jing toluene. =the 
P2222 ba cohol, 34 (0 0b, 0.00086 mole) was allowed 
to react with thionyl chloride (0.05 g, 0.00045 mole) 
in 15 ml toluene, in the same manner as the reactions 


with excess thionyl chloride. The nmr spectrum of the 
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reaction mixture (0.223 g ) showed the following product 
distribution: exo- and endo-[3.2.1] chlorides, 14 and 33, 
(2s ba dialkyl jsulftite, Soe 233 ee. 2 | a COnOL ALS, 

(54%). A column chromatography of the reaction mixture, 
using Woelm neutral alumina/carbon tetrachloride, led to 
isolation of 0.139 g of dibenzobicyclo[2.2.2]octadien-2- 


Ol9(13);sas@shown byyir, nmreandemixture melting. point. 


Attempted Isolation of Intermediates from the Reaction 
of Dibenzopievelol2. 2.24 and [3.2.l]octadienyl Alcohols 
with Thionyl Chloride under Various Reaction Conditions. 


Bis-dibenzobicyclo[2.2.2]octadien-2-yl-sulfite 


(S2Z)—-— Intora 50 “mle three-necked: round=bottomedst Lask 


fitted with a pressure equalizing dropping funnel, re- 
flux condenser, magnetic stirring bar and a drying tube, 
was added 0.436 g (0.002 mole) of pure dibenzobicyclo- 
Pee OoCtadlen—=2-Olu( ts) ein eZoemleOle pureed. wOLUeie. 
The solution was cooled to 0° and from the dropping 
funnel was slowly added 1.5 ml (0.021 mole) of freshly 
DUuGiercd thionyl chloride in 5 ml tolMenc mn lem ccuce 
was allowed to stir for two hours, while the temperature 
gradually rose to 25°. Subsequently the solvent was re- 
moved by vacuum distillation, and 0.490 g (88%) of a 
white crystalline solid remained. The compound was re- 
crystallized several times from pentane/carbon tetra- 


chloride, to yield pure bis-dibenzobicyclo[2.2.2]octa- 
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dien-2-yl-sulfite, 22 ee La 9o lol ae (CDC1,) v 
i v 

’ “S-O 
tee. 20% 3.18 ((Multinlét, SH) aromatic), 5.1) 2 oO. 54 


S=0 
R100 2880S) cmmnd G coad@band \ tere (CDC1,) 


1200 cm 
(broad multiplet, 1H), 5.60 -— 6.30 (broad MULtipler, 2H), 
7.60 - 8.20 (broad multiplet, 1H) and 8.36 - 9.33 (broad 
multiplet, 1H). 

Anal. Calcd for C35H56035; CC, (38.343 4h, O2. 34e5 eOUNnds te, 
heck SG; H, 45.44. 

The sulfite, 32, was reduced with lithium aluminum 
hydride in an ether solution. The sole product isolated 
an 90% yield was dibenzobicyclo(2.2.2]octadien-2-o01 (13): 
The structure of the alcohol was established by a com- 
parison of its infrared and nmr spectrum with that of 
authentic tij2e2.2)]valcohol, 13,7, and by its mixture melt— 
ing point, which was not depressed. An attempted puri- 
Eiciation of the sulfite, 32, by column chromatography 
(Woelm neutral alumina/carbon tetrachloride, and carbon 
tetrachloride/chloroform as the eluting solvent), re- 
sulted in the hydrolysis of the sulfite to yield the 
same alcohol as in the lithium aluminum hydride reduction 
Geaction above (ir, nmr, mmp)- 

Various reaction conditions were employed in an 
attempt to synthesize the dialkyl sulfite or alkyl chloro- 


Sulfite trom both alcohols 13 and !2).. The results sot whese 


reactions are listed in Table 8. 
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Decomposition Reactions of Bis-dibenzobicyclo[2.2.2]- 
aoe he Tesctsn oroinet—— 7 be 4 -Mi ati Ss oO. Ores 


octadien-2-yl-sulfite (32). 


Into a 50 ml three-necked round-bottomed flask, 
fitted with a reflux condenser, a magnetic stirring bar 
and a drying tube was added 35 mg (0.122 mmole) of the 
sulfite, 32, in 25 ml purified toluene. The solution 
was heated at reflux for 2 hours. The solvent was re- 
moved by vacuum distillation, and 33 mg (94%) of a solid 
crystalline material was isolated. The infrared and nmr 
spectra in cDCl., were identical to those of the start- 
ing Material, 32, mixture melting pointe 5o.——161-. 

The above reaction was repeated while dry hydrogen 
chloride was slowly bubbled through the solution. Again, 
spectral analysis showed that the dialkyl sulfite had 


not reacted under these reaction conditions. 


Redetion of Bbis-dibpenzopicyclof2. 2.2) octadten 2-y1— 
Sulfite wirtn “thionyl chloride’™— Two ml (0.03 mole)" oF 
purified thionyl chloride was cooled to 0° in a round- 
bottomed flask fitted with a magnetic stirring bar, a 
reflux condenser and a calcium chloride drying tube. To 
the thionyl chloride was then added 67 mg (0.235 mmole) 
of the *sultite; 32" The solution was stirred for two 
hours while the temperature gradually rose to 25°. After 
this reaction period the excess thionyl chloride was 


removed by vacuum distillation. An nmr spectrum (CDC1,) 
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showed the reaction product to be a mixture of exo-4- 
chlorodibenzobicyclo[3.2.1]octadiene (14), (40%), endo-4- 
chlorodibenzobicyclo[3.2.1]octadiene (33)%7 (103) 7) and 
unreacted bis-dibenzobicyclo[2.2.2]octadien-2-yl-sulfite 
(32), (50%). This reaction mixture was subsequently allowed 
to react with thionyl chloride at its refluxing tempera- 
ture for 0.5 hours. Nmr analysis of the reaction mixture 
showed the following product distribution: exo- [3.2.1] 


chloride, 4, «(54%), ‘endo- [3-2-1], chloride, 33, (35) 


andedialkyl sulfite, 32,. (33%). 


Chromatographic purviication of a mixture of [3.20 1) 
chlorides, 14 and 33 employing Silica Gel - A mixture 
of [3.2.1] chlorides was shown by nmr to consist of 
2e5end0—(p.2...) chloride, 33,7 ,end, 88s exO-lo.2.44 
Chlorides] 14.==A total or 1°63879 (0.007 mole) tolethis 
mixture was chromatographed using 1000 g of Silica Gel 
(Woelm activity grade 1) packed in carbon tetrachloride. 
The fractions eluted with carbon tetrachloride (1.24 g, 
83%) were shown by nmr and infrared to be 7-chlorodi- 
benzobicyclo[2.2.2]octadiene (15). Elution with ethyl 
acetate gave rise to 0.195 g (13%) of a 50:50 mixture 


Of 13.2.1 )]) a cohnols,. 22.and750. 
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